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Foreword 


Every year the BJR has published the abstracts of all the 
papers accepted for presentation at the Annual 
Scientific Meeting of the British Medical Ultrasound 
Society. 

It has been pleasing to see the quality and breadth 
of these papers improving year by year and Council of 
BMUS has recently been anxious to encourage the 
authors of these papers to submit them for publication 
in a well respected refereed journal. We were delighted 
when the editors of the BIR agreed to accept BMUS 
derived papers for consideration and in 1991 all authors 
whose papers were accepted for presentation at the 
annual BMUS meeting were invited to offer full manu- 
scripts of their papers. 


In this issue of the BJR are included all those 
papers which, after the normal refereeing process, were 
accepted for publication. BMUS is very grateful to the 
editorial staff of the BJR who have seen these papers 
through so quickly and efficiently. 

We hope that this new venture will be found 
useful and instructive, that larger numbers of future 
BMUS authors will be encouraged to offer their papers 
for consideration and that this special ultrasound issue 
will become a regular feature and will grow in value and 
stature. 


Hylton B Meire (President of BMUS) 
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Editorial 


From its emergence as à diagnostic tool about three decades 
ago ultrasound has expanded and continues to grow in 
importance and influence as a unique diagnostic device 
whose potential has yet to be fully explored and exploited, 
Next month, July 1992, the British Journal of Radiology is 
devoting its complete issue to diagnostic ultrasound. Whilst 
it remains the editorial policy of the Journal to maintain its 
multidisciplinary scientific and clinical spectrum, we be- 
lieve that highlighting this one area of interest in a special 
issue will be appreciated by all users of the BJR. Those 
whose special interest is in ultrasound will find a substantial 
content of direct application to their specialty. For others, 
this single issue will enable a quick current perspective to be 
obtained of contemporary research and development in 
diagnostic ultrasound. 

A second, and perhaps more important, aspect 
relating to this issue is that it marks an important milestone 
in the development of closer relationships between the 
British Institute of Radiology and the British Medical Ultra- 
sound Society. The papers to be published in the July issue 
of BJR have been selected from submissions first presented 
orally at BMUS '91, held in Bournemouth in December last 
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year. We believe that by devoting a special issue of the BJR 
to publishing the best papers from the BMUS meeting, we 
will be able to serve the wider scientific. radiological 
community in a unique and effective way. 

It is intented that future occasional issues of the BJR 
will likewise be devoted to topics of single special interest. 
These will be carefully selected to ensure that they combine 
a substantial contribution of new research and development 
in the specialist area with sufficient substance of interest to 
inform and educate the wide spectrum of scientific interests 
of the readers of this Journal. In this way the British radio- 
logical community, both clinical and scientifc, will be able 
to communicate effectively with one another original, 
creative and innovative work. Furthermore, the BJR will 
continue to contribute to the dissemination of knowledge to 
the broader European, American and world radiological 
scientists. 


Don Shaw 
Honorary Editor (Medical) 


Francis Duck 
Honorary Editor (Scientific) 
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Increasing patient throughput in magnetic resonance 
imaging: a practical approach 


By N. R. Moore, MA, MRCP, FRCR and S. J. Golding, MA, DMRD, FRCR, on behalf of the 
Oxford MRI group' 


Department of Radiology, University of Oxford, The Oxford MRI Centre, John Radcliffe Hospital, Oxford 
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improve patient throughput by 80-125%. This would have a marked effect on the length of waiting lists, and would increase the 





general availability of MRI. 


Magnetic resonance imaging (MRI) has already become 
one of the most powerful diagnostic techniques in 
craniospinal and musculoskeletal imaging and may 
replace conventional tests in many aspects of body 
imaging. The excellent soft-tissue contrast and the 
ability to image in any plane give an unrivalled display 
of anatomy and disease. 

The original spin-echo and  inversion-recovery 
sequences are time consuming and may take as long as 
15 min per sequence to perform. The gradient-recalled- 
echo techniques may provide similar information with 
shortened examination times. The wide choice of pulse 
sequences and imaging planes often results in prolonged 
studies and there is the general belief that magnetic 
resonance imaging (MRI) is a slow technique. 

Although it is conventional to tailor examinations to 
individual patients, experience has shown that standard- 
ized examinations may be carried out for certain 
common indications. This study was carried out to 
assess examination duration and the implications on 
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throughput of applying a standard set of sequences to 
pre-selected groups of patients. 


Patients and methods 
Selection of patients 

173 patients were selected from the waiting list on the 
basis of the information provided on the request form. 
All patients were asked to arrive 30 min before their 
appointment time, and were informed of the high 
throughput nature of the study. All examinations were 
performed on a Signa Advantage machine (IGE 
Medical Systems Ltd, Slough) operating at 1.5 T. 
Dedicated head and knee extremity coils were used for 
the cranial and knee studies; examinations of the spine 
were performed using 5 in. circular or 11 in. x 5 in. rect- 
angular surface coils. 


Indications 

Patients were selected if there was a clear-cut clinical 
problem that was thought to be soluble by a standard- 
ized MRI examination of two or three sequences. The 
indications in these patients for MRI examinations of 
the brain, cervical spine, lumbar spine and knee are 
summarized in Table I. 

The patients in the lumbar spine category were 
divided into two groups. The first group of patients had 
symptoms of back pain and sciatica and were thought, 
on clinical grounds, to have a prolapsed intervertebral 
disc (referred to as "radicular"). The second group of 
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Table 1. Indications for MRI examination 





Examination n 





Cranial (n — 113) 
Multiple sclerosis 6l 
Mass 10 

Thalamic (1) 
Temporal lobe (1) 
3rd ventricle (1) 
Posterior fossa (7) 
Vascular 10 
AVM (4) 
Vasculitis (2) 
Dural venous thrombosis (2) 
Infarction (2) 
Foramen magnum lesion 
Epilepsy 
Psychiatric disorder 
Movement disorder 
Symptoms 
Trigeminal neuralgia (3) 
Migraine (2) 
Vertigo (1) 
Hemifacial spasm (1) 
Dysphagia (1) 

Cervical (n — 3) 

Radiculopathy 
Myelopathy 


DO Uu 4 GOO WO 


—-— l2 


Lumbar ~ radicular (n = 20) 
Prolapsed intervertebral disc 15 
Canal stenosis 2 
Tumour 2 
Retained disc fragment I 


Lumbar ~ degeneration (n = 14) 
Discogenic low back pain 13 
Annular tear l 


Knee (n = 23) 
Meniscal tear | 
Patellar lesion 
Knee pain and locking 
Cruciate ligament tear 
Discoid lateral meniscus 
Pre-arthroscopy 


wont — PN t€ t0 Line 





patients had symptoms of back pain only, which was 
attributed to disc degeneration (referred to as 
"degeneration"). Those in this latter group were being 
investigated for evidence of disc dehydration as a 
prelude to spinal fusion, preceded by discography if the 
MRI revealed multiple-level disc degeneration. 
Examinations of the brain, knee and lumbar spine 
("degeneration") were allocated 20 min machine time. 


Set up 1 Sequence | Set up 2 


tpe ttt ÀÀ PXamination 


The cervical spine and lumbar spine (“radicular”) exam- 
inations were allocated 30 min. 


Protocols 

Sequences were designed to optimize signal-to-noise 
ratio (SNR), spatial resolution and number of slices per 
acquisition and to combine these factors with a short 
acquisition duration. Software options were chosen to 
increase SNR and reduce artefact. The principal 
features of each sequence are recorded in Table II. 


Timing 
The following times were recorded for all patients as 
illustrated in this two-sequence examination (see Fig. 1). 


l. Examination time: the difference between entry to, 
and exit from, the examination room. 

2. Sequence time: the duration of all the sequences. 

3. Set up time: the time elapsed between the entry time 
and the time recorded for the first sequence time ("set 
up 1”). This is the time for positioning, entry into the 
bore and the automatic pre-scan procedure. The time 
to prescribe and initiate a subsequent sequence ("set 
up 2, etc.") was determined from the start of the 
previous scan, the previous scan duration and the 
start of the subsequent scan. 

4. Removal time: the difference between the start of the 
final scan plus scan duration and the time the patient 
left the room. 

5. "Dead" time: the interval between patient exmination 
times. 


The radiographers also recorded the presence of 
anxiety, claustrophobia or immobility to determine the 
effects of these factors on throughput. 


Radiological assessment 

All examinations were reported by a radiologist 
experienced in MRI. The radiologist was asked to 
assess: 


1. whether the examination provided a diagnosis; 

the degree of confidence in the ability to make a 
diagnosis (recorded on a percentage scale: 10094, 
715%, 50%, 25%, 0%); 

3. whether the patient needed to be recalled: 

4. the reason for any recall. 


t3 


Results 

149 of 173 patients (86%) were examined within the 
target times during these high-throughput sessions. The 
examinations of the brain, knee and lumbar spine (for 


Removal "Dead" | 


Sequence 2 





Figure 1. An example of a two-sequence examination showing the total examination time, and the components of sequence, set up 
and removal times. Also shown is the time between patients ("dead" time). 


Vol. 65, No. 774 


47] 


N. R. Moore and S. J. Golding 








'A3IA JO py 1ejnuvjood ‘Ly 


‘MOIA JO p[2g ‘AOA ‘aoeds-y ut gyep jo uonr[od1ojui Aq pourgiureui sr azis xujeui ou p '(pojyduiesiopun) pampa st sdays Surpoouo aseyd jo Joquinu ay) yorym ur uondo 31843j0$ 
40] UV KAN [EUO CKAN $40 'suoneyoxo jo qumu YAN ‘aun oye *gr p oum uonnador ‘yy ((Surduies) yypimpurg ajqeuea ‘gA (deim) oseud ou ‘gnu tuonesusduroo 
MOY “Of sep "T2 ‘yey ^4 [Yay 1980 "1 0u9o150d *j009ju Honau 1002dns T yg y rs smd uoneinjes-aid * p ys ‘uontsinboe ouinjoa ‘es Apeays ay} ui uonisinboe pojeood 
yusipesd popods ‘joa /WOdS (oyoe) paez 1usrpgu8 seueyd Mw YON Oy paea juarpeis *q o ‘reueyd nmw oyo ajquuea 'dIAA 18u?id nmw ogo pmu AWIN 





"t 


C M ————————— H— ———S 


(s: uru) 
aui 
aus Puy 


v9 0 

I ec 

il | 

B I 

t $c 
ti-t I 
Hi | 
Ci-6 I 
t ST 
c M 

Li $c 
(unu) 

soos des 


ON S 


SI 


w 


$ 


(uui) 
ssouxXoi 
3988 


9] I 
oc € 
tC C 
vC | 
rd 
io 
be i 
0c t 
vC 9 
0c t 
ve I 
pr SLU 
pr C 
(aD) 
AOd XAN 


col * 9ST 


9ST X 9ST 


BTI x OSE 


REL X OSC 


COE XOST 


RCL XOST 


9ST X OSC 


C61 X 9ST 
Scl x9sc 


col X OST 


KLEIJEN 


01 


SI 


08/0€ 


08/0€ 


$t 


tt 


goz 


Ott 


Ott 


V/S LVS 


2d 
8A 
dN 2d TO 
A/S LVS 
aA 
dN 2d TO 
d/VS LYS 


V LVS 


2d Lu 
VU LYS 
24 Lu 
d/V LVS 


= dN 
Va LVS 


24d 
HA 2d 
I LYS 


I IVS 


suondo 
duideui 


dig “Sap c£ 
IAA DdS 
diy “dap 09 

duo 


diN AA 


dINdA 


dIASN 


dig “dap oz 
HOdIN 
diy Sap oz 
YOdW 


dWIN 
diy “dap 09 
quo 


dWHA 


dAAW 


3ouonbos 
asp 


[enisvg 
[pixesugl] 
iazi[eao7] 


(1) 
penses 


[Ernies 
laozie307] 


([p9t4122) 
[PIXESUEI] 


enes 
(1equmn] 
[UIXESUJ] 
pue pentes 
pides 
iozi|e207] 


jerxesuelp 
[enides 
aze] 


29u'wM 


(uoneiouasop) 1equin ] 


(1EMApEI) jequinj 
pue [PorAJ00 ‘ouidg 


uieig 





Ápnis snp ur pasn spoooj04d oin JO SAG "HI SET 


The British Journal of Radiology, June 1992 


gy 


"umm, 


Increasing throughput in MRI 


Table HI. Duration of the examination, sequence, set up, removal and "dead" times (all times given in minutes) 





Region Number of 
examinations 

Brain {13 

Cervical spine 3 

Lumbar (radicular) 20 

Lumbar (degeneration) i4 

Knee 23 


Set up | (mean) 
Set up 2 (mean) 
Removal (mean) 


Dead time 
Total scan time 


Examination time Sequence time 


range (mean) (mean) 
15-22 (18.5) 10.3 
20-33 (28.0) 14.2 
21-40 (28.1) 13.2 
13-29. (18.3) 7,8 
15-21. (17.2) 9.7 

3.5 

32 

2.0 
IIE h 38 min 


56 h 28 min 





disc degeneration) were completed within the target time 
of 20 min in 92%, 95% and 69% of cases, respectively. 
Examinations of the lumbar spine (for radicular symp- 
toms) and cervical spine were completed within 30 min 
in 75% and 33% of cases, respectively, The duration of 
the examinations, sequences, set up and removal are 
given in Table III. 

The total time taken to perform these 173 examina- 
tions was 56 h 28 min. Within this time, 11 h 38 min 
were identified as "dead" time, i.e. time when there was 
no patient in the examination room (Table III). This 
equates to a further 16-24 patient examinations 
(depending on the part being examined) that could have 
been performed in the time available. 

The effects of anxiety, claustrophobia and immobility 
on examination times were assessed in the largest group 
of patients, who had cranial MRI. The mean examina- 
tion time for patients who had no delay was 17.8 min 
(nz65, SD = Ll min). The examinations in those 
patients identified as anxious lasted 19.8 min (n = 8, 
SD = 1.0 min), and in those patients who were immo- 
bile lasted 19.3 min (n= 15, SD = 1.0 min). These 
patients need special care and encouragement, but it is 
clear that even very anxious patients can be successfully 
examined without major delay. 


Table IV. Results of the radiologist's assessments 


The results of the radiologist's assessments are given 
in Table IV. The fixed protocols provided all the 
information with which to make a diagnosis in 156 out 
of the 173 (90%) examinations. In three further 
patents, the radiologist was able to make a diagnosis, 
but with less confidence. 

12 patients had to be recalled and were given early 
appointments for re-examination. Four patients (2.3%) 
experienced sufficient. claustrophobia to require an 
examination. with sedation. Five patients required a 
repeat examination for technical reasons: (i) insufficient 
signal to noise gave poor images in three patients; (ii) 
the volume acquisition of the knee in one patient did not 
include the area of abnormality; and (iii) the wrong 
lumbar spine protocol was applied in one patient; this 
was considered a failure even though the images were of 
perfect quality. 

In two patients it was not possible to make a complete 
diagnosis. One patient had a cervical spine examination, 
but the clinical features suggested a brachial plexus 
lesion. This was not included in the examination area. In 
another patient who had hemifacial spasm, the sagittal 
and transaxial images demonstrated an ectatic vertebral 
artery. However, a facial nerve neuroma had not been 
excluded with complete confidence. These two patients 


OANINOAR ANAONA TaESA AA AMAA NU arae 


Brain Cervical 

Number 113 3 
Diagnosis 
obtained 110 J 
Confidence level 
10094 108 2 

75% 2 f 

50% 

25% 

094 

Recall 4 | 


Lumbar Lumbar Knee 
(radicular) (degeneration) 
20 [4^ 23 
18 9 20 
f7 9 20 
2 I 
I 
2 
l 2 | 
2 4 I 


“One patient was too obese to fit in the bore of the machine and could not be examined. 
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were considered to have been incorrectly selected for 
this study. 

In one patient the sagittal and transaxial images of 
the brain revealed a cervical syrinx. This patient was 
recalled for a cervical spine examination to demonstrate 
the full extent of the syrinx. One patient was too large to 
it in the magnet. 

Overall successful examinations, as defined by a diag- 
nosis made with 100% confidence, were performed in 
96% of brain, 87% of knee, 85% of lumbar spine (for 
radicular symptoms), 64% of lumbar spine (for disc 
degeneration) and 66% of cervical spine examinations. 


Discussion 

This studv was designed to assess examination 
duration and patient throughput, and to investigate the 
range of indications for which standard protocol exam- 
inations could be applied. We have shown that examina- 
tions of carefully selected patients can be performed 
with a high degree of success in the brain, knee and 
lumbar spine ("degeneration") using examination times 
of 20 min. The lumbar spine "radicular" patients were 
successfully examined in 30 min. The small number of 
patients in the cervical spine group makes detailed 
assessment difficult. 

The principal factor that determines the duration of 
an MRI examination, and hence the overall patient 
throughput, is the number of sequences performed. 
Many radiologists choose to view the images from one 
sequence before deciding on the next sequence. This is 
thought to give greater flexibility to unravel a compli- 
cated clinical problem, but the process of viewing and 
prescribing new sequences is time consuming. In this 
study the initial and subsequent sequences took 3.5 and 
312 min, respectively, to prescribe and initiate. Even 
though the supervising radiologist was not allowed to 
use additional sequences, only 12 of 173 patients had to 
be recalled and 90% of all the varied clinical problems 
were solved successfully by a pre-planned MRI 
examination. 

The reason for this high success rate is the accurate 
selection of patients suitable for this high-throughput 
type of MRI examination. It might be thought that this 
selection is time consuming, but these patients were 
selected during the routine process of vetting request 
forms. In addition to accepting the request, each radio- 
logist indicated the suitability for a high-throughput 
examination. We informed the referring clinicians of the 
directed nature of these examinations and the possible 
need for recall in some patients. In many cases this 
resulted in more specific requests, which facilitated the 
process of vetting and increased the number of suitable 
patients. Approximately 30% of all our MRI requests 
are for patients for whom a high-throughput examina- 
tion could be performed. 

It is interesting to compare our approach with 
national trends. Average appointment times of 30 min 
for cranial MRI and 45 min for MRI examinations of 
the spine and knee are common. Using these times it 
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could have taken approximately 101.5 h to examine the 
patients in this study. The use of the Oxford protocols 
represents an increase in throughput of 80%, and the 
release of 45 h scanning time. These assumptions do not 
take account of the 11.5h in the study identified as 
"dead time”. If this is included, the potential increase in 
throughput is 125%. 

This study also shows that the protocols on which 
these fixed examinations are based should be subject to 
regular review. It was clear that the sagittal spin-echo 
T.-weighted sequence provided insufficient signal to 
noise in some patients in the lumbar spine ("degenera- 
tion") group. Following three failures, the protocol was 
adjusted to increase the number of excitations (NEX) 
from one to two, and reduce the number of phase 
encode steps from 192 to 128. The change in matrix size 
and number of excitations increased the SNR by 73% 
but reduced the spatial resolution. The aim of the 
sequence was to demonstrate disc hydration, for which 
high spatial resolution was not necessary. If the modi- 
fied sequence had been applied successfully in the three 
failures the success rate would have improved to 92%. 
The sequence time changed from 7 min 20s to 8 min 
56 s so the mean examination time increased from 18.0 
to 19.5 min. 

The diagnostic failures in the knee examinations can 
also be attributed to relative inexperience of this tech- 
nique. The volume acquisition involved a 60-section 
block of 1.5mm slice thickness and positioning this 
volume was critical. If a larger volume were prescribed, 
e.g. 124 slices at 0.9 mm thickness with a 256 x 192 
matrix, the whole knee could be covered with ease, 
obviating diagnostic failure. This potentially would 
result in 23 out of 23 complete examinations (100% 
success). A further benefit is that the larger, thinner slice 
volume acquisition would result in voxels 20% smaller 
in size and a significant improvement in resolution in 
one of the reformatted planes. The larger volume would, 
however, take longer to acquire and would increase the 
sequence time to 14.3 min, and the mean examination 
time to 22.2 min. 

All the requests for a particular anatomical area (e.g. 
brain or knee) were aggregated into one session. This 
avoids the need to change the surface or extremity coil 
between patients, which is time consuming. The radio- 
graphers thought that these sessions were easier to 
manage, even though more patients were examined, 
because they knew exactly which sequences to perform 
and no time was lost in selecting the sequences and 
viewing the images. 

The patients participating in this study were highly 
motivated, as indicated by the high attendance rate 
(99%). During their examination, patients were seen by 
the receptionist, by a nurse who performed the safety 
screening procedure and finally by the radiographer 


who took the patient into the examination room. There 


were no adverse comments from any patients during the 
study period. 

In conclusion, this study has shown that it is possible 
to perform pre-planned examinations with a high degree 
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of success in selected groups of patients. By using these 
protocols, throughput rates can be increased by 
80--125%. If our approach were extended nationally, 
there would be a major impact on the efficiency of use of 
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MR machine time. In turn this would lead to greater 


availability of a scarce and expensive imaging pro- 


cedure. We are continuing this study to identify more 


areas in which this approach is viable. 
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Radiological features during and following treatment of 
spinal tuberculosis 
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Departments of Radiology and "Thoracic Medicine, Central Middlesex Hospital NHS Trust, London, UK 


(Received 3 October 1991 and accepted 6 December 1991) 


Kevwords: Spinal tuberculosis, Radiography, Therapy 


Abstract. A retrospective study was performed in order to document the sequence and time scale of radiological changes 
occurring during the healing of spinal tuberculosis. 28 episodes occurred in 26 patients, of whom only two were Caucasian. All 
demonstrated good response to conventional chemotherapy. Soft-tissue masses increased in size for up to 1.5 months and took 
about 12 months to resolve, Bone destruction was seen in all cases and progressed in 70% of patients, whilst on treatment. There 
was loss of vertebral body height in 79%, which progressed for up to 14 months; any recovery of height was a very late feature. 
Sclerosis was seen at presentation in 52% and developed in most of the remaining patients within 5 months of instigating 
treatment. H progressed for up to 14 months and took, on average, 31 months to return to normal. Reduction in disc height was 
commonly seen and the vertebrae fused in three-quarters of those affected, the time of onset of fusion being very variable. To 
manage patients with spinal tuberculosis, an appreciation of the variability of radiological changes that can occur during 





treatment i$ necessary, 


Spinal tuberculosis is an ancient disease, in existence for 
at least 5000 years, having been demonstrated within 
mummified remains from Northern Egypt dating from 
3400 B.C. The association. of spinal deformity with 
paralysis, as was so often seen in this disease, was 
described by Sir Percival Pott in 1779 (Lifeso 
et al, 1985). 

The prevalence of pulmonary tuberculosis has been 
declining within the United Kingdom in recent years. 
However, the notification of bone and joint tuberculosis 
has remained fairly constant (Communicable Diseases 
Surveillance Centre, personal communication). 

Most patients with spinal tuberculosis are managed 
conservatively with combination chemotherapy. Disease 
response is monitored clinically and radiologically. We 
have analysed the radiographs of 28 cases of vertebra! 
tuberculosis that have demonstrated a good clinical 
response, in order to document the sequence and range 
of radiological changes that can be expected. 


Patients 

28 sites of spinal tuberculosis occurring in 26 patients 
were identifed. All patients attended the Willesden 
Chest Clinic. 13 patients were male and 13 female. 


years). 21 patients originated from the Indian sub- 
continent, two were Afro-Caribbean, two Caucasian 
and one unknown. 11 patients also had tuberculous 
disease at other sites (three pulmonary, four abdominal, 
four skeletal and one nodal). Diagnosis was made on a 
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combination of clinical and radiological criteria; con- 
firmatory tests, such as percutaneous biopsy, were only 
performed if other features were atypical. 

Patients were routinely treated with combination 
chemotherapy, consisting of isoniazid and rifampicin 
for 1 year with pyrazinamide for the initial 3 months. 
Only one patient also underwent surgery. Patients were 
followed up in the clinic for up to 73 months (average 
33 months). Clinical outcome was universally good. 
Only one patient had a residual neurological deficit: 
persistent foot drop. This had developed following 
spinal biopsy and was attributed to that procedure 
rather than the disease. 

Radiographs, including tomograms, taken on presen- 
tation and during follow-up were obtained and 
analysed. The presence or absence and progression or 
resolution of the following features were sought: 


1. Soft-tissue paravertebral mass visible on 
radiograph; 

Bone destruction; 

Bone sclerosis; 

Loss of vertebral height; 

Reduction in disc height; 


Fusion of adjacent vertebrae. 


plain 


Dun mw 


Results 

On average, two vertebrae were involved. Two cases 
spanned the thoraco-lumbar junction and therefore 
appear in both regions. The thoracic spine was the 
commonest region of the spine involved (17/26) 
followed by the lumbar region (9/26), the cervical spine 
being least commonly involved (4/26). The vertebral 
body alone was involved in 17 cases, the body and 
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Table I. Distribution of disease 





Region No. of | Body Body + posterior. Posterior 

cases alone elements alone 
Cervical 4 3 | 
Thoracic 17 y 7 | 
Lumbar 9 6 3 





posterior elements in nine and the posterior elements 
alone in two (Table I). 


Soft-tissue mass ( Fig. 1) 

Cervical spine. A soft-tissue paravertebral mass was 
clearly seen at presentation in all three cases in which 
the vertebral body was involved. It took 8-12 months to 
resolve. 

Thoracic spine. A mass was seen in 13 cases, in all but 
one at presentation. Increase in size of the mass was 
seen for an average of 1.5 months. Resolution took 12 
months on average. Two patients were left with residual 
slight widening of the paraspinal lines, which did not 
change on long-term follow-up. 





Figure 1. Lateral view of the cervical spine in a 63-year-old 
female patient showing advanced destruction of the vertebral 
body of CS. A prevertebral soft-tissue mass is present 
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Lumbar spine. On plain radiographs it was not 
possible to consistently demonstrate either the presence 
or absence of a soft-tissue mass. 


Bone destruction ( Fig. l) 

This was seen in all cases and was visible at presen- 
tation in all but four cases; in these it developed within 3 
months. Destructive changes progressed on treatment in 
70% (20/28) for, on average, 6.5 months. Loss of verte- 
bral body height occurred in 79% (22/28) and 
progressed for up to 14 months. Only three cases 
demonstrated recovery of body height; the earliest this 
occurred was after 15 months (Fig. 2). 


Sclerosis ( Fig. 3) 

This was seen in 90% of cases (25/28). It was demon- 
Strated at presentation in 52% (13/25) and appeared 
within 5 months in the remainder. It progressed for up 
to 14 months. Bone density returned to normal in 44% 
(11/25), taking, on average, 31 months (range 
12-59 months). 


Dise changes 

Reduction of disc height occurred in 77% of those 
cases in which the vertebral body was involved (20/26) 
The vertebrae fused in 75% (15/20) of these, starting 
anteriorly in all. The earliest that evidence of fusion was 
seen was after 3 weeks and the latest 27 months (average 
9 months). 


Discussion 

Bone and joint tuberculosis is an uncommon condi- 
tion. In recent years, however, the incidence in England 
and Wales has remained fairly constant. From 1981 to 
1986 between 59 and 92 cases were notified each vear to 
the Communicable Diseases Surveillance Centre. 
Colindale (Communicable Diseases Surveillance Centre, 
personal communication). Tuberculous spondylitis 
accounts for 6% of all new cases of extrapulmonary 
tuberculosis notified (Mann & Cole, 1987), Most cases 
are treated conservatively with combination chemo- 
therapy. The majority of patients respond well to such 
treatment and surgery is only infrequently required 
(Lifeso et al, 1985; Fancourt et al, 1986). Response to 
treatment is primarily judged by clinical criteria. 
However, an appreciation of the normal pattern and 
time course of healing seen radiologically is required 
This paper documents these changes 

Typically, vertebral tuberculosis begins in the anterior 
part of the body, cither superiorly or inferiorly. With 
spread, the adjacent intervertebral disc and adjoining 
vertebral body become involved (Patton, 1986) 
Occasionally vertebral tuberculosis spreads below the 
anterior longitudinal ligament, involving several levels 
and causing scalloping of the anterior margin of the 
vertebral bodies. 

The radiological features may vary with the race ol 
the patient. Caucasian patients usually demonstrate 
bone destruction of the anterior portion of the vertebra! 
body, narrowing of the adjacent disc space and involve- 
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(b) 


Figure 2. (a) Lateral view of the lumbar spine in a 68-year-old female patient, showing marked loss of height of the body of the L4 
vertebra. (b) 33 months later there has been partial recovery of vertebral height 


ment of contiguous vertebral bodies. Reactive sclerosis, 
it. presentation, is not a feature. Untreated patients 
develop progressive vertebral collapse with anterior 


j 


Figure 3. Lateral view of the thoracic spine at presentation in a 
40-year-old male patient. There is marked sclerosis of the 
vertebral bodies of T9 anc T10 





wedging, leading to gibbus formation (Gorse et al, 
1983). Associated soft-tissue masses are common and 
most easily demonstrated on plain radiographs of the 
dorsal spine. In non-Caucasian patients the appearances 
may vary. Infection may be confined to a single verte- 
bral body and early sclerosis may be a feature. 
Involvement of the posterior elements of the vertebra 
are not uncommon and may be the only sites of involve- 
ment (Chapman et al, 1979) 

Since the advent of effective chemotherapy, little has 
been published on the radiological changes of successful 
treatment. It is recognized that radiological evidence of 
healing occurs late on routine radiographs (Gorse et al, 
1983). In our series we found that evidence of bone 
destruction or loss of vertebral height could progress for 
up to 14 months and recovery of vertebral body height 
was nol earlier than 15 months after starting 
treatment. These findings agree well with those of the 
Medical Research Council (MRC) trials of treatment 
for spinal tuberculosis (MRC, 1976, 1978, 1982). In 
these series, loss of vertebral height was seen for up to 
18 months, but thereafter there was little change. 
Recovery of vertebral body height, if it occurred, was 
seen between 18 and 36 months. Thus progression of 
bone destruction whilst on treatment should not, neces- 
sarily, be considered an adverse feature. 

Sclerosis was present in half of our patients at presen- 
tation (a reflection of the high proportion of patients of 
Afro-Caribbean and Indian sub-continent origin) and in 
these patients its progression provides little information 
about disease activity. In those patients with initially 
purely lytic changes, sclerosis is a feature of healing and 
should be seen within 5 months. It can progress for over 
| year. Although we saw a return to normal bone 
density in less than one-half of these patients. it took up 
to 5 years to occur and if our follow-up period had been 
longer it is likely that in most patients it would have 
returned to normal density. 

The presence of a soft-tissue paravertebral mass is a 


seen 
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useful feature for follow-up in patients with involvement 
of thoracic or cervical vertebral bodies. These masses 
reached maximum size within 1.5 months of presen- 
tation, although they could take up to 15 months to 
resolve. We were unable reliably to demonstrate soft- 
tissue masses in patients with lumbar spinal involvement 
or in those patients with disease at other sites which 
only involved the posterior elements. If confirmation of 
an abscess is required in the lumbar region, an ultra- 
sound examination may be sufficient (Rubaltelli et al, 
1990). Alternatively, these patients may be assessed by 
computed tomography (Lin-Greenberg & Cholankeril, 
1990) or magnetic resonance imaging (De Roos et al, 
1986). These techniques are of particular value in any 
patient in whom there is doubt about the diagnosis 
(Azzam & Tammawy, 1988), extent of disease or the 
presence of complications such as spinal cord involve- 
ment (Lin-Greenberg & Cholankeril, 1990; Bell et al, 
1990). 

Reduction in disc height is common, reflecting the 
nature of the infection, and fusion of contiguous verte- 
brae is seen in many of these patients. Calcific debris, 
which was seen on serial radiographs to progress to 
fusion, was seen as early as 3 weeks after initiation of 
treatment, although it could take up to 27 months for 
any evidence of fusion to appear. Fusion of contiguous 
vertebrae has long been regarded as the surest evidence 
of healing of spinal tuberculosis, although there is no 
actual proof of this (MRC, 1978). Ultimately vertebral 
fusion occurred in over 50% of all our cases. 

Spinal tuberculosis remains an important cause of 
morbidity within the United Kingdom. Monitoring of 
response to treatment is based on a combination of 
clinical and. radiological features. It is therefore vital 
that the radiologists and clinicians involved in the care 
of these patients are aware of the variable radiological 
changes that may occur during successful treatment of 
this disease. 
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Abstract. Epidermolysis bullosa encompasses a group of rare disorders characterized by marked skin fragility and blister 
formation. In patients with dystrophic epidermolysis bullosa, skeletal and soft-tissue abnormalities are an important feature. An 
analysis of the musculoskeletal manifestations in 19 patients is presented. In the hands and feet, features included generalized 
osteoporosis, wedge-shaped thinning and hooking of distal phalanges, overconstricted bones, acro-osteolysis, flexion contractures, 
metatarsal and metacarpal subluxation, distal trophic changes, webbing of digits, encasement of the whole extremity in a pouch of 
skin, soft-tissue calcification and retarded skeletal maturity. Previously undescribed findings in the hands and feet are bony 
ankylosis of the proximal interphalangeal joints, resorption of the metatarsal and metacarpal heads, shortened metatarsal bones, 
carpal and tarsal fusion and destruction, and cystic changes of the distal radius and ulna. In the remainder of the skeleton, hip 
dysplasia with premature osteoarthritis, knee joint bony ankylosis and thoracic and thoraco-lumbar scoliosis are other 


undescribed findings. 


Epidermolysis bullosa (EB) encompasses a group of rare 
diseases characterized by marked skin fragility and 
blister formation following seemingly minor trauma to 
the skin. Most of the diseases that meet these criteria are 
hereditary, though some non-hereditary diseases or 
diseases of uncertain beredity also qualify (Pearson, 
1988). 

Since the term was first introduced by Kobner in 
1886, more than 20 different forms of EB have been 
described, differing in mode of transmission, clinical 
morphology and the level of blister formation (Kobner, 
1586; Gedde-Dahl Jr, 1971; Gedde-Dahl Jr, 1981). 
However, each of these clinical variants can be placed in 
one of three general groups based on the level at which 
the skin separates: 


|. Epidermolytic, designating separation within the 
epidermal layer; 

2. Lamina lucidolytic, indicating separation in the plane 
of the lamina lucida of the basement membrane; 

3. Dermolytic (dystrophic), designating separation 
beneath the basement membrane (Cooper & Bauer, 
1984b; Pearson, 1988). 


Of these three groups, only the dystrophic variants 
are associated with severe scarring. 

Dystrophic EB includes at least five variants with a 
wide range of clinical severity and involvement. They 
are all transmitted in a simple autosomal mode of 
inheritance and are typified by the presence of general- 
ized or primarily acral (distal extremity) blisters, which 
heal with scarring and milia formation (white cystic 
nodules of skin composed of densely packed keratin). 
Both squamous and basal carcinomas can complicate 
areas of scarring (Schwartz et al, 1981; Fine, 1986). 
Other cutaneous features can include dystrophic nails 


ASD 


and albopapuloid, plaque and papular scars lighter than 
surrounding skin. The latter is a typical feature of the 
Pasini variant of the disorder (McKee, 1989). 

Non-cutaneous features include keratitis, premature 
dental decay and lesions of the mucous membranes 
resulting in difficulty in opening the mouth, dysphagia 
and oesophageal strictures, with some infants 
succumbing eventually to terminal respiratory infec- 
tions, Anaemia and developmental growth retardation 
with a shortened lifespan may occur in severely involved 
individuals (Pearson, 1988). 

In this paper we describe the musculoskeletal manifes- 
tations and quantify the incidence of these changes in 19 
patients with dystrophic EB, the largest single series in 
the world literature. 


Materials and methods 

Radiographs of 19 patients with a diagnosis of 
dystrophic EB were reviewed. The group studied 
consisted of 10 male and 9 female patients ranging in 
age from 2 to 41 years, with a mean of 17 years and a 
median of 13 years. 16 patients had radiographs of their 
hands, five of whom also had radiographs of their feet. 
Chest radiographs were obtained in eight patients, knee 
radiographs in three patients, plain abdominal radio- 
graphs in two patients and pelvis and femora radio- 
graphs in one patient. 


Radiological findings 
Hands/feet 

Tables I and IJ list the abnormalities identified, 
together with their frequencies, 

Soft tissue. Extensive distal soft-tissue atrophy was a 
very common feature (Fig. 1). Webbing of the fingers 
and toes with soft-tissue digital fusion was also often 
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Table I. Musculoskeletal features of EB 





Recognized features of EB in the hands and Number of 


feet patients 
Hands Feet 

Osteoporosis 16 5 

Wedge-shaped thinning and hooking of distal 16 S 
phalanges 

Distal trophic changes; acro-osteolysis 15 S 

Flexion contracture of the MCP/MTP and IP 14 2 
Joints 

Webbing of fingers/toes and digital fusion 13 | 

Overconstricted slender bones lI | 

1 


MTP/MCP subluxation 7 
Retarded epiphyseal growth 
Encasement in a pouch of skin 
Soft-tissue calcification 


— Lb. d 





Hand radiographs were reviewed in a total of 16 patients and 
feet radiographs were reviewed in five patients 


seen (Figs 2. 4). In a few cases the whole hand was 
encased in a complete pouch of skin (Figs 3, 5). Clusters 
of punctate calcification distributed in the subcutaneous 
layer of the skin were present in two of the cases 
(Fig. 2). 

Bones. All cases demonstrated generalized osteoporo- 
sis with coarsened subarticular trabeculation and 
wedge-shaped thinning or hooking of the distal 
phalanges (Figs 1, 2). Acro-osteolysis with tuft resorp- 
tion was a very common feature (Fig. 1). In many of the 
patients the shafts of the radius and ulna and tibia and 
fibula were slender and overconstricted 

Other features seen included carpal and tarsal bone 
destruction, resorption of metacarpal. metatarsal or 
phalangeal heads and shortened metacarpals (Figs 1. 2, 
5). In two cases, there was bilateral shortening of the 
little finger metacarpals and in one case there was 
shortening of the left ring and little finger metacarpals 
(Fig. 1). In addition, in the distal radius and ulna, cvstic 


Table Il. Occurrence of previously undescribed findings of EB 
in the hands and feet 





EB findings in hands and feet Number of 


patients 
Hands Feet 
Bony ankylosis of PIP joints 6 
Resorption of metacarpal/metatarsal heads 3 
Short metacarpal bones 1 
Carpal/tarsal fusion 2 


Cystic changes in the distal radius and ulna 


Carpal/tarsal destruction | | 
| 
Tapered ulna styloid | 





Hand radiographs were reviewed in a total of 16 patients and 
feet radiographs were reviewed in five patients 
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Figure 1. Soft-tissue atrophy. generalized osteoporosis with 
coarsened subarticular trabecular pattern, bony ankylosis of 
the proximal IP joints (curved arrows), shortened left ring and 
little finger metacarpals and destruction of the distal end of the 
proximal phalanx of the little finger on the right are presen! 
(arrow). Wedge-shaped thinning is seen in 
phalanges 


most dista 


changes were present in one case and a grossly tapered 
ulna styloid in another. 

Joint alignment. Flexion contractures of the meta- 
carpophalangeal (MCP) and interphalangeal (IP) joints 
were a common finding (Fig. 2). In some cases sub- 
luxation or dislocation of the carpometacarpal/metatar- 
sophalangeal (MTP)/MCP joints with ulna deviation 
was seen (Fig. 3) 

Bony ankylosis of the proximal IP joints was present 
in six patients (Figs 2, 3). Carpal fusion was observed in 
two cases and tarsal fusion in another two, one each of 





Figure 2. Webbing of the fingers with soft-tissue digital fusion 
and subcutaneous calcification is present (arrows). Resorption 
of the metacarpal heads, flexion contractures of the IP joints 
dislocation of the MCP joints with. ulna. deviation and. bons 
ankylosis of both middle-finger PIP joints are seen. In addition 
there is wedge-shaped thinning and hooking of the terminal 
phalanges of both ring fingers. 


48] 





eft hand is enclosed in a pouch of skin. Bilateral 
present. In addition 


Figure 3. Thi 


nitate-han coalition 18 there 1s 


ralized osteoporosis, dislocation of the MCP joints with 
i eviation and bony ankylosis of the PIP joints (arrows) 
capitate-hamate coalition, total carpal fusion, total 


tarsal fusion and cuneiform coalition (Figs 3, 4). Both 
cases of carpal coalition were associated with ankylosis 
of the proximal interphalangeal (PIP) joints 


Figure 4. Foot 


radiograph demonstrating generalized 
oporosis, coalition of the cuneiform bones and soft-tissue 
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[here is. 


bones and 


[he feet are enveloped in pouches of skin 
destruction of the 


Figure 5. 
in addition, 
disorganization of all the bones of both feet 


tarsal severe 


Abnormal feet radiographs were all associated with 
severe abnormalities of the hands. Retarded epiphyseal 
development was present in four patients. 


Other musculoskeletal features 

Table II lists the abnormalities identified, together 
with their frequencies 

Pelvis. In one case the right hip joint was dysplastic 
with signs of premature osteoarthritis 

Knees. Bony ankylosis across the knee joint was seen 
in one of the cases 

Spine. Thoracic 
and a thoraco-lumbar scoliosis was seen in another 


scoliosis was observed in one case 


Discussion 

In 1908, Nobl found that radiological diagnosis was a 
useful adjunct in the examination of a patient with EB 
The radiographs revealed shortening and atrophy of the 
terminal phalanges of the hand (Nobl, 1908) 

Since then, authors other 
radiological findings associated with EB involving the 
extremities (Thoroczkay, 1940; Roach, 1946; Kitlowski 
& Banfield, 1948; Hadley & MacDonald, 1960; Brinn & 


Khilnani, 1967; Becker & Swinyard, 1968; Mauro et al, 
1987) 


various have described 


Table 111. Other musculoskeletal features of EB 


Number ol 
patients 


Musculoskeletal features 


Hip dysplasia with premature osteoarthritis | 
Bony ankylosis across the knee joint | 
Thoracic scoliosis | 
T horaco-lumbar scoliosis | 
Chest radiographs were reviewed in eight patients, knee 


radiographs in three patients, plain abdominal radiographs in 
two patients and pelvis and femora radiographs in one patient 
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In 1957, Alpert reviewed the radiological manifes- 
tations of EB. Together with cases from previous 
reports and his own case, he discussed the radiological 
changes involving the hands and feet in 14 patients 
(Alpert, 1957). 

Many of the features seen in the hand and feet 
radiographs of our patients concur with the findings of 
previous authors. Several previously undescribed 
features were also noted. These include subluxation of 
the MCP and MTP joints, bony ankylosis across the 
proximal IP joints, resorption of the metacarpal heads, 
shortened metacarpals, cystic changes in the distal 
radius and ulna, carpal and tarsal fusion and 
destruction. 

In the rest of the skeleton, other features not 
previously described include hip dysplasia with prema- 
ture osteoarthritis, bony ankylosis of the knee joint and 
thoracic and thoraco-lumbar scoliosis. 

The abnormalities in the hands and feet may be 
explained by extensive blister formation, first appearing 
at an early stage, leading to severe scarring and oblit- 
eration of blood vessels (Alpert, 1957; Brinn & 
Khilnani, 1967; Mauro et al, 1987). 

Generalized osteoporosis and slender, overconstricted 
long bones are most likely due to malnutrition and 
disuse since many of these patients are reluctant to 
move about and eat poorly (Becker & Swinyard, 1968). 

The underlying pathophysiological mechanisms that 
result in the common skin findings of marked skin 
fragility and blister formation are still unclear. In reces- 
sive dystrophic EB, dermal fibroblasts have been shown 
to function abnormally as well as to produce excessive 
amounts of chemically and structurally abnormal colla- 
genase (Bauer, 1977; Bauer & Eisen, 1978; Ehrlich et al, 
1983). Presumably, excessive amounts of this enzyme 
facilitate dissolution of collagen in the region of the 
basement membrane (possibly anchoring fibril related), 
thereby leading to blister formation. Furthermore, 
anchoring fibrils are absent and KF-1 and LH 7:2 
antigens, normal structural components of the human 
skin, are either absent or markedly reduced in amount 
(Briggaman et al, 1985; Eady et al, 1987). The signifi- 
cance of these features and how they tie up with the 
collagenase and fibroblast abnormalities is unknown. 

In dominant dystrophic EB, both KF-1 antigen and 
the number of anchoring fibrils are reduced in quantity, 
though collagenase levels appear to be normal. Since 
subepidermal blisters develop in both dominant and 
recessive forms of dystrophic EB, the latter feature 
suggests that elevated collagenase facilitates, but is not 
solely responsible for, blister formation (Fine, 1986). 

With regard to treatment, phenytoin has been found 
to be partly successful in patients with recessive dystro- 
phic EB, reducing blistering by up to 45% in some cases 
(Eisenberg etal, 1978; Bauer et al, 1980; Cooper & 
Bauer, 1984a). It probably acts by reducing collagenase 
synthesis. 

In some patients, newer techniques of reconstructive 
hand surgery may lead to significantly increased func- 
tion, though unfortunately such procedures may have to 
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be performed repeatedly (Horner et al, 1971). The main- 
stay of management of most patients with dystrophic 
EB remains symptomatic and supportive therapy. 

In summary, the radiological features of EB include 
musculoskeletal changes that can often be severe. These 
abnormalities are commonly seen in the extremities but 
may also be present in the spine, hips and knees. 
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Abstract. Magnetic resonance imaging (MRI) was performed in six cases of intramuscular myxoma of the extremities and 
revealed the following characteristics. All tumours were confined to muscle and had a sharply defined border. All had a signal 
intensity lower than skeletal muscles on 7,-weighted images and brighter than fat on T;-weighted images. The signals were 
homogeneous on both T,- and T,-weighted images. This study did not include contrast enhancement. The diagnosis was confirmed 
by an open biopsy. All tumours were resected with no recurrence. Diagnosis based on these MRI characteristics was incorrect in 
two cases of intramuscular ganglia and in a case of intramuscular cysticercus cellulose. MRI features of intramuscular myxoma 
are typical in the majority of cases. Benign intramuscular lesions that contain mainly fluid can mimic intramuscular myxomas. 


Intramuscular myxoma is a distinct benign tumour. The 
diagnostic efficacy of magnetic resonance imaging 
(MRI), a multiplanar imaging technique, compared 
with computed tomography (CT) has proved to be 
superior in the detection and evaluation of soft-tissue 
masses (Petasnick et al, 1986; Petterson et al, 1987; 
Wetzel et al, 1987). Certain criteria favour benign soft- 
tissue tumours, which include sharp definition of the 
margin, lack of septation and homogeneity in signal 
intensity (Sundaram et al, 1988; Kransdorf et al, 1989a; 
Berquist et al, 1990). 


Materials and methods 

These cases were referred over a five-year period to 
our orthopaedic tumour service, which functions as a 
tertiary referral centre for patients with bone or soft- 
tissue tumour in New York City. These patients were 
investigated, including MRI scans, by their private 
physicians before they were referred to us. There were 
two male and four female patients ranging in age from 
36 to 65 years, with a mean of 49 years. The MRI scans 
were performed by different scanners ranging from 
0-5 T to 1.5 T. Scanning sequences included spin-echo 
T,-weighted 300—600/20—30 TR/TE (time to repeat/time 


sequences. Section thickness varied from 4 to 10 mm. At 
least two orthogonal planes were imaged, and in two 
patients imaging was in three planes. All the MRI scans 
were without contrast enhancement or short T, 
inversion—recovery sequence (STIR). The scans were 
reviewed by a musculoskeletal radiologist. Open biop- 





Address correspondence to Ibrahim Fikry Abdelwahab, MD, 
Department of Radiology, Box 1234, Mount Sinai Medical 
Center, | Gustave L. Levy Place, New York, NY 10029-6574, 
USA. 


Vol. 65, No. 774 


sies and the resected tumours were studied by a bone 
pathologist. 

The diagnosis of intramuscular myxoma was con- 
sidered from the MRI scans and was based on the 
intramuscular site of the lesions, the sharp definition of 
the margin, the characteristic signal intensities and the 
homogeneity of the signals. All the patients had an open 
biopsy followed by total excision of the tumour. All 
patients. were followed up every 3 months. Three 
patients were followed for more than 3 years, two for 
less than 2 years and the sixth patient for more than 6 
months with no evidence of recurrence. 


Case histories 
Case 1 

A 40-year-old white female noticed a painless lump in 
the left shoulder for 2 weeks. Physical examination 
revealed a non-tender, 2cm x 4 em well demarcated 
mass in the region of the deltoid muscle. There were no 
skin changes. The MRI scan revealed an oval mass 
lesion in the left deltoid muscle (Fig. 1). 


Case 2 

A 65-year-old white female presented with a lump in 
the posterior aspect of the nght shoulder, which she 
noticed 3 weeks earlier. Physical examination revealed a 
non-tender, 6 cm x 8 cm mass in the infraspinatus 
region of the right scapula. There was full range of 
movement of the right shoulder. MRI revealed a well 
circumscribed oval mass in the infraspinatus muscle. 


Case 3 

A 48-year-old white female noted a painless left 
gluteal mass for 1 year, which grew slowly during this 
period. Clinical examination revealed a 3 em x 5 em, 
non-tender, deeply seated left gluteal mass. There was 
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Figure 1. MRI of the left shoulder. (a) Axial 7 


2000 TE X0 


IIT ASA I 


weighted image (TR 400/TE 20) and (b) axial 
MRI reveals an oval, sharply defined lesion in the left deltoid muscle with hypointense signal on the 7;-weighted 
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T,-weighted image (TR 


ige and bright signal on the 7,-weighted image. Both signals are homogeneous 


MRI revealed an oval mass in 
the left gluteus maximus (Fig. 2) 


no neurovascular deficit 


Case 4 


A 38-vear-old black female noted 3 months earlier a 
painless, deeply seated mass in the proximal part of the 


right thigh. Physical examination revealed full range of 


movement of the right hip and knee without neuro- 
logical deficit. A firm. mobile, non-tender mass. 
* cm, was felt in the proximal anteromedial part 
of the night thigh. MRI showed the mass to be in the 


vastus n edialis (1 Ig 4), 


~+ TT} 


A 65-year-old Asian male presented with a 6-month 
of a firm, painless mass on the medial aspect of 





(a) Axial 7 
MRI demonstrates an oval, sharply defined mass in the left gluteus maximus, which has a low signal intensity on the 
mage and high signal intensity on the 7.-weighted image with homogeneity in both signals 


Figure 2. MRI of the left buttock 
XXX) TE 85 


F -weighted 


weighted. image (TR 


the left thigh. Physical examination revealed an oval, 
non-tender mass approximately 4 cm x 5 cem in its 
greatest diameter located in the mid-thigh in the region 
of the adductor muscles. The overlying skin and the 
neurovascular bundle were intact. MRI revealed the 
mass to be in the semimembranosus muscle (Fig. 4). 


C ase 6 

A 36-year-old white male presented with a mass in the 
anterolateral aspect of the left knee just proximal to the 
patella, noticed | year earlier. Lately the mass became 
painful during walking and climbing stairs. A laminec- 
tomy had been performed 12 years earher. Physical 
examination revealed a firm nodule on the lateral aspect 
of the quadriceps tendon approximately 3 cm proximal 
to the patella. The mass was mobile and slightly tender 
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570/TE 20) and (b) axial 7,-weighted image (TR 
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(b) 


Figure 3. MRI of the right thigh. (a) Coronal Tj-weighted 
image (TR 600/TE 20) and (b) axial 7.-weighted image (TR 
2000/TE 60). MRI shows an oval lesion that has sharp borders 
in the vastus medialis muscle with homogeneous hypointense 
signal on the T weighted image and homogeneous bright 
signal on the 7,-weighted image. 


on deep palpation. It was attached neither to the skin 
nor to the bone. There was a full range of movement in 
the hip and knee. MRI revealed the mass to be in the 
quadriceps muscle. 


Discussion 

Although the superiority of MRI over CT in 
evaluating soft-tissue masses is well established, the 
specificity of MRI in the histological diagnosis of these 
tumours is less than 20% (Kransdorf et al, 19894). 
Tumours with substantial amounts of myxoid tissue 
may be benign as intramuscular myxomas or they may 


Vol. 65, No. 774 


be malignant tumours undergoing myxomatous 
degeneration. 
The majority of intramuscular myxomas occur 


between the fourth and seventh decades They are less 
commonly encountered in young adults and rarely in 
children (Ireland et al, 1973; Canalis et al. 1976; 
Kransdorf et al, 1989b). The mean age in our cases was 
49 years. There is a slight female predominance (Canalis 
et al, 1976); four of our six patients were women. The 
most common site of myxoma is the heart (Stout, 1948) 
If we eliminate bony myxomas, which are almost exclu- 
sively in the jaws with only a few cases reported in the 
long tubular bones and pelvis (Stout, 1948; Ireland et al. 
1973; Canalis et al, 1976; McClure & Dahlin, 1977; 
Abdelwahab et al, 1991), the majority of extracardiac 
soft-tissue myxomas occur in the musculature of the 
extremities, particularly of the thigh and shoulder girdle 
(Stout, 1948; Enzinger, 1965; Ireland et al, 1973). Three 
of our cases occurred in the thigh and two in the 
shoulder. To date, the total number of intramuscular 
myxomas is less than 150 (Canalis et al, 1976; McCook 
et al, 1981). The tumour usually presents as a painless 
mass. About 20% of patients are symptomatic, 
complaining of pain and/or tenderness (Enzinger, 1965) 
The rate of tumour growth is variable, and occasionally 
there is no apparent growth over long periods of time 
(Kransdorf et al, 1989b). It is rare for the tumour to be 
clinically diagnosed before MRI or biopsy. There has 
been no documented case of metastasis (Shugar 
et al, 1987). 

In 1948, Stout defined the myxoma as a true mesen- 
chymal neoplasm composed of undifferentiated stellate 
cells in myxoid stroma. Enzinger (1965), reviewing soft- 
tissue myxomas but excluding cardiac myxomas, found 
that one of every six myxomas was located in muscle 
On gross inspection, the tumour is oval or spherical in 
shape, and when cut open presents a white or grey-white 
mucoid, gelatinous surface. Small cyst-like spaces o: 
traversing trabeculae are not uncommon. On close 
inspection, the delicate fibrous capsule is usually incom- 
plete and practically all lesions infiltrate adjacent 
muscles. Microscopically, myxoma is composed of stel- 
late cells and a meshwork of reticulum fibres in a matrix 
of mucoid material that contains hyaluronic acid (Stout, 
1948: Kindbloom et al, 1974) (Fig. 5). Although Stout 
stated that the recurrence rate was high after resection 
of these tumours, other reports, including ours, have not 
confirmed this (Enzinger, 1965; Kindbloom et al, 1974; 
Feldman, 1979). There is an association between intra- 
muscular myxomas and fibrous dysplasia (Ireland et al. 
1973; Sundaram etal, 1989) Wirth etal (1971) 
described this association as a syndrome in which intra- 
muscular myxomas are an extraskeletal manifestation ol 
fibrous dysplasia. The majority of tumours are asso- 
ciated with polyostotic fibrous dysplasia (Wirth et al, 
1971; Logel, 1976; Dahlin, 1987). The intramuscular 
myxomas are usually located in the vicinity of the most 
severely affected bones and most often occur in the 
thigh and may be multiple. Half of the patients had 
some manifestation of Albright’s syndrome (Logel. 
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(a) 


(b) 


Figure 4. MRI of the left thigh. (a) Axial 7\-weighted image (TR 500/TE 30) and (b) axial T;-weighted image (TR 2000/ TE 60). 


MRI reveals ai 


image and 


1976). To date, there are less than 20 cases of intra- 
muscular myxomas associated with fibrous dysplasia. Of 
these, only two cases were associated with. monostotic 
fibrous dvsplasia (Ireland et al, 1973; Sundaram et al, 
1989). The possibility of associated fibrous dysplasia 
when an intramuscular myxoma is discovered should 
always be considered. Our six cases were not associated 
with fibrous dysplasia 

Intramuscular myxomas are rare tumours. In three 
large series of soft-tissue tumours studied by MRI, 
totalling 258, there were only three intramuscular myxo- 
mas (Sundaram et al, 1988; Kransdorf et al, 1989a; 
Berquist et al, 1990). There are also sporadic case 


£T 


Y 


oval lesion with sharp borders in the semimembranosus muscle, which has low signal intensity on the 7\-weighted 
high signal intensity on the 7,-weighted image. Both signals are uniform 


reports of intramuscular myxomas in which MRI was 
performed (Kransdorf et al, 1989b; Sundaram et al, 
1989). Our series of six intramuscular myxomas seems 
to be the largest studied by MRI. 

The characteristic pattern of MRI was typical in all 
our cases. However, our experience differed from other 
authors. In a recent report by Peterson et al (1991), 
although three of their four cases of intramuscular 
myxomas demonstrated the typical MRI characteristics, 
one case that was homogeneous on both T,- and 7.- 
weighted images demonstrated, only alter contrast 
enhancement, an irregular contrast enhancement in only 
one of the two components of the lesion. Part of the 





Figure 5. Photomicrographs. (a) A low-power view demonstrating loose textured, avascular myxoid tissue of the tumour (left and 


centre) 


and stellate 


4RR 


fibrous capsule separates the lesion from the skeletal muscle fibres (right) ( x 11). (b) A high-power view reveals spindle 
cells with long processes in a loose acellular myxoid stroma ( x 113) 
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Figure 6. MRI of the right leg. (a) Coronal 7\-weighted image (TE 400/TE 20) and (b) axial 7,-weighted image (TR 1800 TE. 60) 
The coronal slice reveals an oval, sharply defined lesion in the proximal part of the right leg with low signal intensity. Note the 
stalk between the lesion and the superior tibiofibular joint. The signal is bright on the 7,-weighted image. The above appearances 


are characteristic of an intramuscular ganglion 


border was also not sharply defined. In one of two cases 
of intramuscular myxomas reported by Kransdorf et al 
(1989b), MRI revealed on 7,- and 7,-weighted pulse 
sequences an area of increased signal intensity in the 
distal aspect of the tumour similar to subcutaneous fat. 

As fluid and myxoid tissue have the same MRI 
characteristics, our diagnosis was incorrect in three rare 
benign lesions that contained mainly fluid. Two were 
intramuscular ganglia in the proximal part of the leg, 
which communicated with the synovium of the knee 
joint by a thin duct-like structure lined by single, flat- 
tened endothelial cells. Retrospective study of the MRI 
of the intramuscular ganglia revealed, in the cuts per- 
formed in the coronal plane, the tract between the 
ganglion and the knee joint (Fig. 6). We, therefore, 
emphasize performing MRI in the coronal planes. parti- 
cularly when fluid-containing lesions are close to the 
joints. The third lesion was an intramuscular 
cysticercus cellulose located in the brachioradialis 
muscle of the right forearm in a Middle Eastern young 
male, The lesion contained gelatinous fluid. Acute 
haematoma containing fresh blood can mimic myxoma, 
although there is usually a history of trauma with a 
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painful tender swelling. Intramuscular abscess usually 
has inhomogeneous signal intensity, depending on the 
amount of protein and necrotic debris within the 
abscess, with oedema in the surrounding 
Schwannomas are attached to the nerve roots outside 
the muscles, but if large, may compress the surrounding 
muscles and may simulate myxoma. However, they are 
usually more hyperintense than the muscle on 
T\-weighted images and have areas of decreased signal 
intensity on 7,-weighted images. Some malignant soft- 
tissue tumours, namely liposarcomas, chondrosarcoma 
and malignant fibrous histiocytomas, may undergo 
myxomatous degeneration and may demonstrate a high 
signal intensity on T,-weighted images, simulting intra- 
muscular myxomas. However, these tumours usually 
lack the uniformity of the signal intensity and usually 
have septations on 7.-weighted images (Kransdorf et al, 
1989a; London et al, 1989). Myxoid liposarcomas con- 
sutute approximately 50% of liposarcomas. They show 
amorphous or linear foci of high signal within a low 
signal mass on 7)\-weighted images and one should 
consider this possibility even if the tumour otherwise 
appears benign (Sundaram et al, 1990). Occasionally, a 


tissue 
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malignant tumour may have a homogeneous signal 
intensity with a sharply defined margin. A signal inten- 
sity on a 7,-weighted image greater than muscle or if the 
tumour is extramuscular, may differentiate them from 
myxomas. 

We conclude that MRI characteristics of intra- 
muscular myxomas are typical in the majority of cases 
and that benign lesions which contain mainly fluid may 
mimic intramuscular myxomas. On the other hand, 
malignant soft-tissue tumours with myxomatous 
degeneration can be differentiated by the heterogeneity 
of the signal intensity on both T,- and T,-weighted 
images and the presence of septations. 
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Abstract. A retrospective review of the scintigraphic appearances of 98 painful hip replacements was made. 16 patients (1624) 
underwent revision surgery whereas in the remaining 82 hips (84%). symptoms settled with conservative management. 73 of these 
(89%) had at least one area of increased activity on delayed diphosphonate scintigraphy with 27% having increased activity in 
three or more areas around the femoral component. Hips with increased activity at the lesser trochanter and tip were less likely to 
undergo spontaneous resolution of symptoms. Uncemented prostheses were more likely to have multiple areas of increased 
activity. Abnormalities in dynamic bone scintigraphy and gallium studies were also seen in patients whose symptoms resolved 
without surgery. Whereas a normal bone scintigram indicates that loosening or infection is most unlikely, the presence of increased 
activity does not necessarily indicate a need for revision surgery, even when multiple areas are present. A period of conservative 
management should be considered before operative intervention is undertaken. 


Bone scintigraphy is a widely used and sensitive means 
of detecting loosening and infection of hip replacements. 
Normal post-operative appearances have been estab- 
lished in control groups of painless prostheses (Utz 
et al, 1986) but in clinical practice the decision is 
whether or not a painful hip replacement requires 
revision surgery, which can often be prolonged and 
technically demanding. 

We have noticed that some patients with painful hip 
prostheses have areas of increased activity on bone 
scintigraphy and yet their symptoms have resolved with 
conservative management. A retrospective analysis of 
patients investigated by bone scintigraphy for painful 
hip prostheses was undertaken to see how often this 
occurred and to determine those patterns of activity 
associated with spontaneous resolution. 


Patients and methods 

98 hips were studied in 80 patients having bone 
scintigraphy for a painful prosthesis between January 
1982 and October 1988. 32 of these were also investi- 
gated by dynamic bone scintigraphy and 42 by gallium- 
67 studies. All these studies were reviewed along with 
the radiographs and the clinical notes. 

Bone scintigraphy was performed using 400 MBq of a 
"Tc"-labelled diphosphonate. Anterior and posterior 
images were obtained 3 h after injection using a large 
field-of-view gamma camera and a general-purpose 
collimator. For dynamic studies, immediate arterial 
images and a blood pool image at 2 min were also 
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obtained. Anterior and posterior gallium images, when 
obtained in cases of suspected infection, were performed 
at 48—72 h after injection with 75 MBq of gallium-67 
citrate. 

The scintigraphic appearances were reviewed by a 
consultant radiologist with experience in bone scinti- 
graphy (D.F.) without knowledge of the clinical find- 
ings. Any sites of increased activity were observed and 
recorded as being localized in the acetabulum, greater 
trochanter, lesser trochanter, prosthetic shaft or tip. 

The clinical review was made using the hospital notes 
and radiographs. The date of operation and operative 
technique, including surgical approach and prosthetic 
type for the original hip replacement, were noted. The 
time of second presentation with pain and subsequent 
outcome were recorded. If revision was performed, the 
operative findings were reviewed. The presence of infec- 
tion at surgery was diagnosed by the macroscopic pre- 
sence of pus or a subsequent positive culture. The 
component or components loose were recorded. The 
scintigraphic appearances in those hips undergoing re- 
vision surgery and those settling with conservative 
management were compared. 


Results 

All radionuclide studies were performed at least 12 
months after the primary surgery and the minimum time 
of follow-up was 1 year. The decision to revise a painful 
prosthesis had been primarily dependent on the patient's 
symptoms, the results of scintigraphy being considered 
in association with the results of other investigations 
and the clinical findings. Of the 98 hips studied, 16 
(16%) subsequently underwent revision surgery. 13 of 
these were loose and three were infected. 
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Table L The incidence of increased activity at various sites (figures in parentheses are percentages) 


Acet Tip 


Shaft 


Sites of activity 


G. Troch L. Troch All sites 


Operated 7 (44) 12 (75) 6 (38) 10 (63) 13 (81) 48 (60) 
loose 7 (84) 10 (77) 5 (38) 8 (62) II (85) 41 (63) 
infected 0 (0) 2 (67) | (33) 2 (67) 2 (67) 7 (47) 

Non-operated 35 (43) 41 (50) 25 (30) 41 (50) 37 (45) 179 (44) 
cemented 32 (43) 35 (47) 21 (28) 36 (49) 29 (39) 153 (41) 
uncemented 3 (38) 6 (75) 4 (50) 5 (63) 8 (100) 26 (65) 





Acet, acetabulum; G. Troch, greater trochanter; L. Troch, lesser trochanter. 


The incidence of increased activity at the different 
sites around the prosthesis for the various patient 
groups is given in Table f. The total number of sites 
affected was significantly greater in the operated group 
than the non-operated group (p « 0.01) and, amongst 
the non-operated hips, there were more abnormal sites 
in the uncemented prostheses (p « 0.005). No significant 
difference in the total number of sites affected was 
observed when comparing loose and infected prostheses. 
Comparison of individual sites in the operated and 
cemented non-operated groups showed no significant 
difference in the incidence of increased activity for the 
acetabulum, greater trochanter or shaft whereas the 
lesser trochanter and tip were more likely to be affected 
in those patients who underwent revision surgery (p < 
0.005, p < 0.05, respectively; Fisher’s exact test was used 
in all cases). 

The number of sites around the femoral component 
with increased activity for various patient groups are 
summarized in Table H. The predictive value of a 
normal scintigram (/.e. no sites affected) was found to be 
high at 95% whereas of the 79 hips with one or more 
sites of increased activity, only 13 (16%) underwent 
revision surgery. When comparing the operated and 
non-operated groups, there were significantly more hips 
with two or more areas of increased activity in. the 
operated group (p « 0.05, y^ test). There was even 


greater statistical significance when uncemented 
prostheses were excluded (p < 0.02). Uncemented 


prostheses not requiring revision surgery all had two or 
more areas of increased activity and all demonstrated 
increased activity at the lesser trochanter. The most 


discriminant criteria for no need of revision surgery are 
outlined in Table IH, giving a sensitivity of 81% and 
specificity of 66%, when uncemented prostheses are 
excluded. Yet, 18 of 74 (24%) patients with a cemented 
prosthesis, whose symptoms settled with conservative 
management, had three or more areas of increased 
activity. 

42 (43%) of the 98 prostheses demonstrated increased 
activity related to the acetabulum. Seven of these subse- 
quently had revision surgery performed but in only two 
(5%) was the acetabulum found to be loose. Two 
further hips demonstrating acetabular loosening at 
surgery and the three infected prostheses had no 
increase in activity at this site. Three prostheses with 
increased acetabular activity were Thompson's 
hemiarthroplasties and such activity is known to be a 
feature of acetabular migration (Rushton & Wraight, 
1981), Considering two part prostheses only, increased 
acetabular activity as an indication for revision surgery 
would give a sensitivity of 50% and specificity of 5894, 

32 hips were studied by dynamic bone scanning. A 
positive study was considered as suggesting infection 
rather than aseptic loosening. 28 were normal of which 
five subsequently hàd revision surgery with one hip 
infected (false negative). Four dynamic studies were 
abnormal with three of these undergoing revision for 
loosening: one was treated conservatively (all false 
positives). 

42 of the prostheses studied also had gallium images 
available but none of these had revision surgery for 
infection. 26 galltum scans were normal but 16 (38%) 
demonstrated areas of increased activity. Three of these 


Table H. The number of patients (%) and the number of sites around the femoral component with increased activity for various 


patient groups 





Number of sites affected 





0 | 2 3 4 Total 
infected | (33) 0 (0) 0 (0) i (33) I (33) 3 
Femoral loosening 0 10) 2 (18) 2 (18) 2 (18) 8 (45) il 
Not operated 18 GD 24 (29) 19 (11) 8 (10) 15 (18) 84 
uncemented 0 iü) 0 (0) 3 (38) 3 (38) 2 (25) 8 
cemented IR (24) 24 (32) 16 (21) S (7) 13 (17) 76 
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Scintigraphy of hip replacements treated conservatively 


Table III. The most discriminating patterns of activity around 
the femoral component for painful cemented prostheses 
(sensitivity 85%, specificity 66%) 





Conservative management Revision surgery 





No increased activity 


Activity limited to one site Activity in three or four sites 
only (especially the greater 


trochanter) 


Activity in: Activity in the lesser 
(a) greater trochanter and trochanter and one other 
shaft site 
(b) greater trochanter and 
tip 
(c) tip and shaft 





showed incongruous uptake when correlated with the 
diphosphonate images and hence were falsely positive 
for infection. 


Discussion 

The normal scintigraphic appearances of a hip 
replacement have been derived from studies on painless 
prostheses and it is generally considered that activity 
should not exceed that of surrounding osseous struc- 
tures 9 months post-operatively. However, the largest 
reported study of asymptomatic prostheses (Utz et al. 
1986) describes increased activity at à number of sites 
persisting for more than | year in a significant number 
of patients. In clinical practice, bone scintigraphy is 
often used to help decide whether a painful hip pros- 
thesis requires revision surgery and this group may 
demonstrate abnormalities on bone scintigraphy that 
are not due to loosening or infection but may reflect 
another process that causes pain. Taylor et al (1989) 
described scintigraphic abnormalities in 29% of hips not 
requiring revision but do not consider in detail the 
patterns of abnormality in these patients and the criteria 
for loosening and infection are not clearly defined. 
Williamson et al (1979) observed causes, other than 
loosening or infection, for increased activity on bone 
scintigraphy including heterotopic calcification and non- 
specific synovial inflammation. 

In 84% of the hips in our series, the pain settled 
without operative intervention and 81% of these had at 
least one area of increased activity related to the pros- 
thesis, with 27% having three or more areas around 
the femoral component affected (Fig. 1). Uncemented 
prostheses were particularly likely to have extensive 
activity around the femoral component, accounting for 
22% of those with three or more affected areas but only 
10% of the total number of hips studied. This is in 
accordance with the experience of Rushton and Wraight 
(1980) when studying uncemented Thompson's 
hemiarthroplasties. Our series also included some newer 
designs of uncemented total hip replacement, including 
porous coated prostheses, and these demonstrated 
similar abnormalities in keeping with the findings of 
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Figure 1. Anterior "Tc"-diphosphonate image at 3 h, demon- 
strating widespread increased activity around the femoral com- 
ponent with focally increased activity in the acetabulum. The 
patient's symptoms settled with conservative management 


Oswald et al (1989). Such prostheses are being used with 
increasing frequency and the diagnosis of loosening or 
infection in these patients will be particularly difficult. 

We found a low probability that a hip replacement 
would require revision if the bone scan demonstrated no 
area of increased activity, activity localized to the 
greater trochanter, tip or shaft, or in the greater 
trochanter and tip, greater trochanter and shaft, or tip 
and shaft. Abnormalities at the greater trochanter were 
very common, occurring in 45% of hips studied. Causes 
for activity in this area may be readily appreciated from 
plain radiographs, including heterotopic bone formation 
or previous trochanteric osteotomy, an un-united osteo- 
tomy being well recognized as a cause for post-operative 
pain. Utz et al (1986) report in asymptomatic prostheses 
| year post-operatively, that 35% will have significantly 
increased activity in the greater trochanter and 9% 
show persistent activity at the tip. Weiss et al (1979) also 
describe increased activity in the greater trochanter in 
asymptomatic patients. 

Increased activity in the acetabulum was very 
common, occurring in 43% of cases, and is a poor 
indicator of acetabular loosening with low sensitivity 
and specificity. Lower accuracy for acetabular loosening 
has been reported by other authors (Aliabadi et al. 
1989) and Utz et al (1986) found 30% of asymptomatic 
prostheses had significantly increased activity in the 
acetabulum | year post-operatively. The diagnosis of 
acetabular loosening by scintigraphy will thus remain 
difficult. 

We have found that abnormalities on dynamic bone 
studies and gallium-67 citrate scintigraphy also occur in 
hip replacements with symptoms that settle spon- 
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taneously. Arterial and blood pool diphosphonate 
unages that demonstrate increased blood flow are not 
specific for infection, occurring in up to 30% of loose 
prostheses (Pearlman, 1980), but could also reflect other 
causes of prosthetic pain. The increased activity seen 
on gallium scintigraphy was predominantly non-specific 
bone uptake, parelleling the diphosphonate activity, but 
we did have three gallium scans falsely positive for 
infection and this is also reported by other authors 
(Rosenthal! et al, 1979; Horoszowski et al, 1980; 
Mountford et al, 1986). 

In the management of a patient with a painful hip 
replacement, the absence of any abnormality on bone 
scintigraphy or increased activity at limited sites around 
the femoral component, particularly the greater 
trochanter or shaft, will be of high value in deciding if 
operative intervention is not required. If any scinti- 
graphic abnormality is present, causes other than 
loosening and infection should be considered. The plain 
radiographs, and a knowledge of the type of prosthesis 
and whether cemented, are essential for full assessment 
as they may account for the scintigraphic appearances. 
Such information should be available at the time of 
reporting. More extensive abnormalities, particularly if 
the lesser trochanter or tip are involved, suggest that 
symptoms are less likely to resolve spontaneously but 
the decision to perform revision surgery should be made 
considering the clinical features and radiographic 
appearances; further investigation may be required. This 
may include arthrography for loosening and gallium-67 
citrate or labelled white cell studies for infection. Unless 
there is a clear indication for immediate surgery, a 


period of conservative management should be 
considered. 
References 


ALIABADI, P., Tumen, S. S., WrtSSMAN, B. N. & McNtiL, B. J., 
1989. Cemented total hip prosthesis radiographic and 
scintigraphic evaluation. Radiology, 173, 203—206. 


494 


K. A. Miles, W. M. Harper, D. B. L. Finlay and I. Belton 


Horoszowski, H., GANEL, A., KAMHIN, M., ZALTAMAN, S, & 
FARINE, L, 1980. Sequential use of technetium-99m MDP 
and gallium-67 citrate imaging in the evaluation of painful 
total hip replacement. British Journal of Radiology, 53, 
1169-1173. 

MOUNTFORD, P. J, HALL, F. M., WELLS, C. P. & COAKLEY, 
A. J., 1986. "Tc"-MDP, *'Ga-citrate and '''In-leucocytes for 


detecting prosthetic hip infection, Nuclear Medicine 
Communications, 7, 113-120. 
OswALD, S.G., NosraAND, D.G., Savory, C.G. & 


CALLAGHAN, J. J., 1989. Three-phase bone scan and idium 
white blood cell scintigraphy following porous coated hip 
arthroplasty: a prospective study of the prosthetc tip. 
Journal of Nuclear Medicine, 30, 1321-1331. 

PEARLMAN, A. W., 1980. The painful hip prosthesis: value of 
nuclear medicine imaging in the diagnosis of late 
complications. Clinical Nuclear Medicine, 5, 133-142. 

ROSENTHALL, L., Lispona, R. HERNANDEZ, M. & 
HAD/IPAVIOU, A., 1979. °° Tc-PP and *'Ga imaging following 
insertion of orthopaedic devices. Radiology, 133, 717-721. 

RusHTON, N. & WhnaiGHT, E.P. 1980. Technetium-99m 
methylene — diphosphonate scanning in Thompson 
hemiarthroplasties. British Journal of Radiology, 53, 
781-783. 

nnn 1981. The early detection of acetabular migration after 
Thompson hemiarthroplasty using technetium bone 
scanning. Nuclear Medicine Communications, 2, 345—350. 

TavLon, D. N., MAUGHAN, J., PATEL, M. P. & CLEGG, J., 1989. 
A simple method of identifying loosening or infection of hip 
prostheses in nuclear medicine. Nuclear Medicine 
Communications, 10, 551—556. 

Urtz, J. A., LULL, R. J. & Gavin, E. G., 1986. Asymptomatic 
total hip prosthesis: natural history determined using Tc-99m 
MDP bone scans. Radiology, 161, 509—512. 

Wess, P. E, Marr, J. C., Horrer, P. B, Murray, W. R. 
Roprico, J. J. & Genant, H. K., 1979, ""To-methylene 
diphosphonate bone imaging in the evaluation of total hip 
prostheses. Radiology, 133, 727—729. 

WILLIAMSON, B. R. J, McLauGuuix, R. E, Wane, G.J., 
MiLLER, C. W., Teatres, C. D. & Bray, S. T, 1979. 
Radionuclide bone imaging as a means of differentiating 
loosening and infection in patients with a painful total hip 
prosthesis. Radiology, 133, 723—725. 


The British Journal of Radiology, June 1992 





1992, The British Journal of Radiology, 65, 495-501 


Magnetic resonance imaging of pulsatile cerebrospinal fluid 
flow by spatial modulation of magnetization 
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Abstract. Various orders of binomial spatial modulation of magnetization sequences up to (1 4 6 4 1) have been tested to find the 
optimum sequence for clinical application. Stripe width, stripe sharpness and the tolerance of the sequences to radiofrequency 
non-linearity have been investigated. The (13 31) sequence was found to be a good compromise between competing design 
criteria, and its application to viewing pulsatile cerebrospinal fluid motion is described. 


Spatial modulation of magnetization (SPAMM) is a 
technique to show motion in magnetic resonance 
imaging (MRI), and was first introduced by Axel and 
Dougherty (1989). The SPAMM pulses can be placed in 
front of any normal imaging sequence. The sequence 
produces periodic spatial modulation of the longitudinal 
magnetization in the direction of one of the gradients in 
the image plane, resulting in a stripe pattern in the final 
image. Any movement between the time of application 
of the modulation of the magnetization and the time of 
data collection causes a displacement of the stripes 
along the direction of movement. 

The other commonly used technique for imaging flow 
in MRI is phase-encoding. This method was first 
reported by Moran (1982) and uses bipolar pulse 
gradients to produce isochromats with a phase that is 
dependent on their velocity. Phase-encoded imaging 
requires calibration using a flow phantom. Acceleration 
and higher orders of motion introduce errors (Nayler 
et al, 1986). 

As well as steady cerebrospinal fluid (CSF) movement 
resulting from its production in the ventricles and 
reabsorption in the arachnoid villi, the flow also has a 
pulsatile component because of the cardiac cycle (Du 
Boulay, 1966). MRI is the only technique that can be 
used to image the pulsatile flow of CSF non-invasively. 

In cases of hindbrain herniation with associated 
syringomyelia, the pulsatile movement of the CSF is 
often severely affected (Williams, 1990). The SPAMM 
sequence can be used to investigate whether corrective 
surgery for this condition has restored pulsatile flow, as 
this is an indicator that the potentially damaging 
pressure difference between intra- and extracranial CSF 
has been reduced. 


Theory 


The SPAMM sequence uses a series of non-selective 
radiofrequency (RF) pulses separated by gradient pulses. 
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These RF pulses have amplitudes that follow the bino- 
mial distribution in a method analogous to that used by 
Hore (1983) for solvent suppression in nuclear magnetic 
resonance (NMR) spectroscopy. Thus, RF pulses with 
relative amplitudes (1 1), (12 1, (133 1, (1464 1), etc. 
can be used in the SPAMM sequence. The SPAMM 
sequences up to (1331) are shown in Fig. 1. The RF 
pulse magnitudes were set to give a total SPAMM flip 
angle of 90°, 

The strength and duration of the gradient between 
each binomial RF pulse dictates the separation between 
stripes according to the equation: 


Ox = pA dee ( D) 
P | G(tjdt 


where ox is the stripe separation, y is the gyromagnetic 
ratio, G(t) is the gradient amplitude as a function of time 
and ż is the duration of a single gradient pulse (see 
Fig. la). 

A series of (n--1) RF pulses separated by a time 
interval of 2T with their amplitudes following the bino- 
mial distribution, if regarded as delta pulses, can be 
represented mathematically by the formula: 


H=} Y ("\ oprin-2k) 40] (2) 
ke k 

where H(t) is the RF pulse amplitude as a function of 

time. This formula has the Fourier transform: 


H(co)a cos"(« T) (3) 


as given by Hore (1983). 

Thus, in the frequency domain, a cosinusoidal modu- 
lation of magnetization, or stripe pattern, would be 
produced. 

If the phase of the RF pulses are alternated between 0° 
and 180°, to produce (11) (121) (1331) ete. 
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Figure 1. Various order SPAMM RF pulses and stripe spacing 
gradients are depicted. The relative RF amplitudes shown are 
(a) (1 D. (b) (12 D, and (6) (1 33 D). 
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sequences, the corresponding mathematical represen- 
tation for these RF pulses is: 


# y 
HO=} Ë (n (5 éTm-25)ed, — 


kos B 


which has the Fourier transform: 
Hiwa sin"(c T). (5) 


The modulation of magnetization produced in the image 
is given by the modulus of Hie). Thus, according to 
Fourier theory, the only effect the phase alternation of 
the RF pulses has on the image is to offset the phase of 
the stripes by half a cycle. 

Equations 3 and 5 show that the order of the sine and 
cosine functions in the frequency domain increases as 
the number of RF pulses increases. As the sine and 
cosine functions are raised to higher powers, the 
gradients between their peaks and troughs will become 
steeper. Fourier transform theory, therefore, implies that 
as the number of RF pulses is increased the stripes will 
become sharper. 

The response of the imaging systems to RF excitation 
is not linear, so that Fourier transform theory is only an 
approximation. Therefore, the effect of the SPAMM 
imaging pulses was modelled using a computer program 
based on the Bloch equations in the rotating frame. 
Relaxation was not taken into account. 

Owing to RF transmission non-linearity the RF 
pulses applied during imaging might not be those speci- 
fied by the pulse amplitudes. Any RF transmission non- 
linearity in the system will result in an alteration of the 
ratio between the RF pulse amplitudes. Consider the flip 
angles produced by the ideal (1 2 1) sequence on reson- 
ance. The first RF pulse, which ts applied along the x 
axis, rotates the isochromat through an angle of 1, in 
units where 4 (-1--2--1) corresponds to 90°. The 
second RF pulse, which is applied along the — x axis, 
acts on the isochromat to produce a final angle of — 1 to 
the B, field. The final RF pulse applied along the x axis 
returns the isochromat to an angle of 0°. Following the 
same steps for the other phase-alternated sequences with 
ideal RF amplitudes, it can be verified that they all 
produce a final isochromat angle of 0°. Thus, any altered 
ratio sequences that result in a final alignment of the 
isochromat along B, will be least affected by 
non-linearities. 


Table I. Calculation of the intermediate and final angle of an 
isochromat to B, for non-linear RF pulses 


Amplitude of RF pulse L 25 1 
Intermediate flip angle I 1.5 
Final flip angle 0.5 


Amplitude of RF pulse Lan 3.75 | 
Intermediate flip angle l 2.45 I 


Amplitude of RF pulse Sb 3375 5 l 
Intermediate flip angle 1 4 5.373 0.375 


Final flip angle 1.375 
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(d) 


Figure 2. Images obtained of a CuSO, doped phantom using the various SP AMM pulses in front of a field echo sequence. The RI 
g £ ; ! | l 
pulse amplitudes used to produce the images were (a) (1 1), (b) (1 2 1). (c) (1 33 D. and (d) (1464 I). The stripes are displaced | 


half a cycle in the (1 2 1) sequence owing to its phase alternation 


lo computer-simulate RF transmission non-lineari- 
ties, the binomial (121), (1331) and 
(14641) had the ratios of their pulse amplitudes all 
increased progressively by 20% to form (1 2.5 1). 
(13.75 3.75 ]) and (159.37551) sequences. It was 
assumed that the sequences still produced an overall flip 
angle of 90°. The final angle of the isochromat to B,, for 
all these sequences is shown in Table | 

Only the (1 3.75 3.75 1) sequence has a final flip angle 
of 0" in Table I, and is therefore expected to be the least 
affected by RF non-linearity. It can be seen that the 
maximum signal intensity of the (1 331) sequence will 


sequences 
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t 


be unaffected, whatever non-linearity were introduced 
into the sequence, owing to its inherent symmetry (i. 
lor each RF pulse in the sequence there is another pulse 
of exactly the same amplitude that negates the effect of 
the first pulse). This is also true for a (1510105 1) 
sequence, or any sequence with an even number of 
phase-alternated pulses. These conclusions also apply to 
the sequences without phase alternation of the RI 
pulses, since phase alternation only has the effect ol 
shifting the stripe pattern by half a cycle. 

For SPAMM sequences with RF pulses of identical 
lengths, giving a composite 90 flip angle, the energy 
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deposited by the sequences decreases as the number of 
RF pulses increases (e.g. the (1 3 3 1) sequence deposits 


15*5 more energy than the (1 4 6 4 1) sequence). 


Materials and methods 

SPAMM sequences using RF amplitudes in the ratio 
on a phantom using à OT MRI system (Picker 
2085HPj. The phantom contained water doped with 
CuSO, to give T, = T, = 200 ms. All the SPAMM RF 
pulses used were non-selective square pulses with a 
duration of 0.6 ms and a separation of 4 ms between the 
pulse centres. In the gap between each pulse, 3 ms read 
gradient pulses were used to produce the stripe spacing. 
The amplitude of these gradient pulses was set to give a 
stripe separation of | cm, so that the normal maximum 
pulsatile caudal flow velocity of the CSF, which is of the 
order of 3 cm/s (Ridgway et al, 1987), would not produce 
a displacement of more than half a stripe separation 
within the echo time (TE = 100 ms), thus avoiding ambi- 
guities. For convenience, in order to reduce the perform- 
ance time for the phantom tests, the SPAMM pulses 
were placed in front of a conventional gradient-echo 
sequence, The time interval between the end of the last 
SPAMM pulse and start of the imaging gradients of the 
gradient-echo sequence was | ms. 

The effect of RF transmission non-linearities was 
investigated using the computer simulation program. It 
was assumed that the non-linear RF pulses still 
produced a total overall flip angle of 90°, since the total 
flip angle of the sequences are calibrated on the MRI 
scanner to be 90°, prior to the sequences being used for 
imaging. The ratios of the RF pulses were increased 
progressively by 20%, to produce the sequences (1 2.5 1), 
(1 3.75 3.75 1) and (159.375 5 1). 
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Figure 3. Computer model 
MC prediction of the variation of 
longitudinal magnetization 
with distance, over one cycle, 
for the different order SPAMM 
sequences up to (1464 1). 


The SPAMM (1331) pulses, with the same pulse 
timings as the SPAMM pulses used to image the phan- 
toms, were used clinically preceding a T;-weighted spin- 
echo sequence with second-order motion compensated 
gradients. Cardiac gating was applied and data were 
collected every other heart beat. 150 ms after the R 
wave, the SPAMM pulses were applied, followed by a 
gap of 1 ms before the imaging sequence. The spin-echo, 
therefore, occurred 250 ms after the R wave. CSF 
motion was thus imaged over a period of 150-250 ms 
after the R wave, which corresponds to the region of 
peak CSF displacement (Ridgway et al, 1987). 


Results and discussion 

The images obtained using the SPAMM sequences 
with various amplitude RF pulses on the phantom 
containing CuSO, are shown in Fig. 2. The (12 1) 
sequence has its stripes offset by half a cycle with respect 
to all the other images, since the SPAMM RF pulses 
were phase alternated. 

The graphs obtained from the computer simulation 
program, using the same pulse timings and amplitudes 
as those used in the phantom images, are shown in Fig. 
3, but without phase alternation being used. This plot 
shows that as the number of RF pulses increases, the 
width of the troughs decreases, and the trough edges 
become steeper. Thus, the greater the number of RF 
pulses used to produce the stripes, the larger the area of 
the image there will be at the full signal level, which will 
facilitate image interpretation. This is visually confirmed 
by Fig. 2. 

The higher the order of the RF sequence the greater 
the time required to produce the modulation of magneti- 
zation. As this time period increases so does the amount 
of relaxation of magnetization and the chance of tissue 
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Figure 4. Computer model prediction of the variation of longi- 
tudinal magnetization with distance from the point of reson- 
ance for the SPAMM sequences with ideal RF amplitudes and 
those with altered ratios. The RF amplitudes used to produce 
the plots were (a) (121) and (12.51), (b) (1331) and 
(1 3.75 3.75 1), and (c) (1464 1) and (1 59.375 5 D). 


Vol. 65, No. 774 


movement. These two effects may lead to stripe 
degradation. 

The plots produced by the computer programs to test 
non-linearity are shown in Fig. 4. The altered ratio 
sequences are plotted along with the original SPAMM 
pulses as a comparison. It can be seen that, as predicted, 
the non-linearity has the least effect on the symmetrical 
sequences. In the other sequences the non-linearity 
reduces the height of the peaks, thus reducing the maxi- 
mum signal intensity. The width of the peaks is also 
reduced, thus decreasing the area of the image at the 
maximum signal intensity, The (1 33 1) sequence has its 
peak width slightly reduced by non-linearity, but the 
height of the peaks remains the same, so that the 
maximum signal intensity is unchanged. 

Clinical images obtained using the (1 3 3 1) sequence 
preceding a T -weighted spin-echo sequence, with 
motion compensating gradients, are shown in Fig. 5. 

Figure 5a shows the mid-line sagittal T,-weighted 
image of a volunteer, Fig. 5b is the corresponding 
SPAMM image. CSF flow can be seen in the cervical 
region below the foramen magnum, in the pre-pontine 
region and, to a lesser extent, in the fourth ventricle. 

Figures 5c and 5d show the T,-weighted and SPAMM 
images, respectively, of a patient with hindbrain hernia- 
tion. In the SPAMM image there is evidence of CSF 
flow in the cervical region, but no flow is visible in the 
fourth ventricle or in the pre-pontine region. 

Figures 5e and 5f depict a  mid-line sagittal 
T,-weighted image and the corresponding SPAMM 
image of a patient who has had successful corrective 
surgery for hindbrain herniation. During the surgery the 
tonsils were pinned back, and a pouch opened up to 
allow the CSF to flow around the cervical region of the 
spinal cord. It can be seen that the CSF flow pattern is 
very similar to that in the normal patient, with CSF flow 
occurring in the fourth ventricle, the pre-pontine region 
and the cervical region. 


Conclusion 

Our results suggest that the (1 3 3 1) sequence is the 
best sequence to implement clinically since it has almost 
as sharply defined troughs as the (14 6 4 1) sequence, is 
more tolerant of RF non-linearity, and takes less time to 
produce the stripe pattern than other higher ordered 
sequences. However, it does have a higher energy depo- 
sition than the (14 64 1) sequence. 

The SPAMM images obtained clinically using the 
(1331) sequence give useful information about the 
distribution of pulsatile CSF flow around the upper cord 
and brain stem. However, an insufficient number of 
patients has been imaged to draw any firm conclusions 
about the expected CSF flow pattern in patients with 
hindbrain herniation. 
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weighted spin-echo (TE = 100 ms) sequence. (a) and (b) are for a normal volunteer, (c) and (d) are for a patient with ^ 
brain herniation, and (ei) and (f) are for a patient with corrective surgery for hindbrain herniation 
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This five day course consists of a comprehensive series of lectures and workshops covering all 
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well as to introduce other Radiologists to the technique. 
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The course will 
consist of formal 
lectures as well as 
tutorials, practical 
workshops and a quiz. 


The Second Annual 


INTRODUCTORY 
MRI COURSE 


| 

| Emphasis will be 

| placed on active 

| participation and the 

| number of delegates 
will therefore be 
limited to fifty. Early 

application is advised. 

| 


For further information and 
application form contact 
Miss P. Johnston, 
Department of Diagnostic 
Radiology, 

The Royal Marsden 
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Sutton, Surrey SM2 5PT, 
United Kingdom 
Tel: 081-642 6011 
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One Day Teaching Seminar 
STEREOTACTIC EXTERNAL BEAM RADIOTHERAPY 
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using Linear accelerator 
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Friday, 16th October 1992 


Do you wish to set up radiosurgery in your hospital ? Do you know what is involved ? 
Why do you need it ? 


and neuro-oncologist providing a detailed insight into the practical aspects of the 
technique and application of radiosurgery using conventional radiotherapy equipment. 
Topics will include methods of fixation, imaging, treatment planning, treatment delivery 
and the role in the management of brain tumours and AVM's. 


Intensive one day teaching seminar for the neurosurgeon, radiation therapist, physicist | 


Course fee £110.00 
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The Royal Marsden Hospital 
Downs Road, Sutton, Surrey, SM2 5PT, UK 
Tel: 081 642 6011 Ext. 3272 Fax: 081 643 5468 
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Municipal Hospital of Bielefeld 


Our Clinic of Radiology and Nuciear Medicine offers a vacancy as a 


Technician for Radiology 


Knowledge of the German language is required. 


Bielefeld, a town in West Germany between Dortmund and 
Hannover, has 300,000 inhabitants. It is situated in a 
wonderful landscape near the Teutoburger Forest. 


Bielefeld has excellent cultural facilities: two theatres, the 
Oetkerhalle Concert Hall and the Municipal Music Hall. 


We can offer an apartment in our hostel for nurses. 


The Clinic of Radiology and Nuclear medicine supplies 356 
beds. They are divided between the Medical Clinic, the 
Surgical Clinic and the Gynaecological Clinic. 


For more information do not hesitate to contact the Head ofthe 
Clinic, Dr. Bockslaff. Tel. (0049 521) 4474-340 


Please send your CV (school reports, licence of your profession 
and a short personal record) for the attention of: Mrs.. 
Fortmann, Administration of the Municipal Hospital, 
Teutoburger Str. 50, 4800 Bielefeld 1, Germany 
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The Future of Human Radiation Research 
(BIR Report 22) 


Editors: G B Gerber, D M Taylor, E Cardis and J W Thiessen. 


( ontains the full review papers presented at a workshop held at Schloss Elmau on 4th-8th March 
199] under the joint sponsorship of the Ba omen ntof Energy, the Radiation 
Effects Research Foundation of Japan, the International Agency for 


Research on Cancer and the Commission of the Europe: in 
Communities. 


this publication complements BIR = Report 21 Risks from Radium and 
Thorotrast. It covers the important and topical subject of cancer risk prediction 
and contains papers from the worlds leading experts. 


ISBN 0 905749 27 8, 174pp, 265mm x 197mm, Illustrated, Softcover, £27.50 
(25% discount for BIR members) 


BIR 
MERCHANDISE) 


BIR T-Shirts are available to members at 
£7.50 each (including postage). They 
come in black and fluorescent with a 
white skeleton on the front and back. 
We also have children's sizes at only 
£4.00. 


100% silk BIR ties are £15.00 each (including postage). 
Available in navy, they carry the rays from the Institute's 
logo, in gold. 


Please send your remittance to: Helen Smith, Sales and 
Promotions Manager, 36 Portland Place, London W1N 


Buy yours now! 
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The British Institute of Radiology 
Nycomed Scandinavian Scholarships 1993 





The British Institute of Radiology invites applications for two Nycomed 
Scandinavian Scholarships. 


These scholarships — generously funded by Nycomed (UK) Ltd — are to 
enable diagnostic radiologists of senior registrar or junior consultant status, 
preferably members of the British Institute of Radiology, interested in 
diagnostic or interventional procedures concerned with intravascular contrast 
media, to visit one or more academic departments of Radiology in 
Scandinavia (Norway, Sweden, Finland, Denmark) for in-depth radiological 
experience. À maximum of £5,000 will be available for each scholarship to 
permit two months of concentrated study free of financial constraints. The 
recipients will be responsible for their itinerary, travel, accommodation and 
insurance arrangements, subject to the approval of the BIR. 


. A condition of the scholarships is that a report of work undertaken, in a form 


suitable for publication in the Bulletin of the British Institute of Radiology, 
". shall. be submitted. 


. Applications are invited and should be submitted by 31 August 1992. 

The application, containing a detailed CV, should detail both the purpose of 
the visit and the costings and indicate that agreement has been reached with 
the Scandinavian department(s) concerned. Interviews will take place in 
October. 


For further information please write to: 
The General Secretary 

The British Institute of Radiology 

36 Portland Place 

London W1N 4AT 
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Royal Brisbane Hospital 


| FELLOW IN DIAGNOSTIC RADIOLOGY 
| Department of Radiological Sciences 
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Applications are invited forthe above position from recently 
| accredited Radiologists or Registrars who have passed the 
| FRCR examinations but who have to gain further 
| experience before accreditation. 


| The period of the Fellowship is from 1st July 1992 for a 
| period of 12 months or 2 years. 


| The Royal Brisbane Hospital is a 1100 bed Teaching 
| Hospital associated with the University of Queensland. 
| The Division of Radiological Sciences provides radiological 
services for all sections of the Hospital which involves 
| most medical specialties, 


| Last year the Department of Radiological Sciences 
| performed one or more examinations on 96,833 patients, 
| including 11,898 special and interventional procedures. 
| There were 8,597 CT scans, and 5,031 Ultrasound 
| examinations. In addition to the 4 staff Radiologists there 
| are 12 Radiology Registrars in training. The Department 
| is accredited for postgraduate training in Radiology. A 1.5 
| Teslar MRI facility will be operational in July 1992. 


| Appointees will be responsible to the Director of 
| Radiological Sciences. There will be the opportunity for 
| experience in body CT, MRI, general ultrasound, 
| neuroradiology, gastrointestinal radiology, interventional 
| radiology, chest radiology, bone and joint radiology and 
| uroradiology. Appointees will be required to contribute to 
| the general out of hours radiological cover at the Hospital. 


| Salary range will be A$60,641.93 to A$69,574.90 per 
| annum depending on period of eligibility for Specialist 
| Registration. 


| Further details regarding the Department may be obtained 
| from Dr P D Mowatt, Director, Department of Radiological 
| Sciences and regarding the Hospital and terms of 
| employment from Dr I Wilkey, Medical Superintendent, 
| Royal Brisbane Hospital, Herston Road, Herston Qld 
| 4029, Australia 


| Closing date: Wednesday, July 1st 1992 


| Application kits for the position listed may be 
| obtained from the Industrial/Personnel Section on 
| 617 253 7456 


Applications for the position listed should give full details 
| of qualifications, experience and the names and contact 
| numbers of two professional referees and should be 
| addressed to: 


The Ácting Chief Executive Officer, Royal Brisbane 
| Hospital, Herston Road, Herston Qld 4029 Australia. 
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Small Kodak or Fuji table- 
top film processor in 
good working order. 


Image Intensifier, Philips 
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Reply with details to Box 
No. 16, BJR, 36 Portland 
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CARDIOTHORACIC IMAGING IN THE 90's 
CLINICAL PROBLEMS AND IMAGING SOLUTIONS 
9 and 10 July 1992 


A symposium on imaging techniques and their application to 
clinical problems in diseases of the heart and lungs. 


digital radiography and 
arteriography, new radiographic techniques, high resolution and 
ultrafast CT, echocardiography, nuclear medicine, positron 
emission tomography, magnetic resonance imaging 


The problems (9 July) The problems (10 July) 


myocardial infarction the pulmonary nodule 
stable angina suppurative lung disease 
heart failure haemoptysis 
valvular disease diffuse lung disease 
congenital heart disease pulmonary vascular disease 
coronary function and atheroma asbestos exposure 


cardiovascular stress assessing new technology 
Course organisers: Richard Underwood and David Hansell. 
Fee: £100 for oue day, £150 for both days (incl catering). 
Details: Postgraduate Medical Centre, National Heart and 
Lung Institute, Dovehouse St, London SW3 6L Y, Tel: 071-351 
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The British Radiological Library 
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the internationally significant 
collection of the Bernard Sunley 
Library housed in the British 
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reference works 
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The value of magnetic resonance relaxation time in staging 
ovarian endometrial cysts 


By Kazuro Sugimura, MD, *Masayuki Takemori, MD, tMakiko Sugiura, PhD, Hiromi Okizuka, 
MD, £Michio Kono, MD and Tetsuya Ishida, MD 


Department of Radiology, Shimane Medical University, “Department of Gynecology, Kobe Kawasaki 
Hospital, tKobe Women's College of Pharmacy, and tDepartment of Radiology, Kobe University, Japan 
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Abstract. We evaluated the use of magnetic resonance imaging (MRI) in the pre-operative staging of 15 endometrial cysts. The 
effect of the iron content on the T, and T, relaxation times was assessed in confirmed endometrial cysts employing a 0.15 T MR 
system and a 200 MHz spectrometer. There was a positive linear correlation (r = 0.93) between the 7, values of the lesions 
obtained using the MR system (7,) and those of the resected cyst contents obtained using the spectrometer (sp- T,). A similar 
relationship was found between T, and sp- T; (r = 0.87). There was a negative linear relationship between the 7, value and the cyst 
iron content (r = — 0.81), but there was no relationship between the 7, value and the iron content. T, was 412 4-91 ms for Stage H 
cysts (n = 3), 356+ 126 ms for Stage III cysts (n = 3) and 208 + 30 ms for Stage IV cysts (n = 9). The 7, value for Stage IV cysts 
was significantly shorter than that for Stages II and IH cysts (p < 0.05). Thus, the T, value was useful in distinguishing fresh from 
old endometrial cysts, suggesting that the MRI 7, relaxation time might be useful for staging ovarian endometrial cysts before 


surgery. 


Endometriosis is a condition in which tissue similar to 
the endometrium occurs aberrantly in various locations 
in the pelvic cavity (Tindall, 1987). It is occasionally 
also found in adolescent women. Endometrial cysts 
often develop in the ovary and are known as chocolate 
cysts. In the early stages of cyst growth, few adhesions 
are seen, but as the condition progresses adhesions to 
the surrounding structures develop and can eventually 
form a “frozen pelvis". The surgical removal of such 
advanced cysts is difficult owing to the risk of severe 
haemorrhage. Consequently, it is important to deter- 
mine the state of such cysts prior to surgery and to stage 
the disease accurately. In addition, it 1s necessary to 
make a differential diagnosis of endometrial cysts. 
Changes in the cyst fluid occur as the condition 
progresses, with the iron concentration increasing expo- 
nentially and the viscosity also rising. 

If the cyst fluid could be analysed non-invasively, it 
would be possible to determine whether or not a cyst 
was at an early stage of development. However, it is not 
possible to stage these cysts using conventional imaging 
techniques like computed tomography (CT) and ultra- 
sonography. Magnetic resonance imaging (MRI) is a 
useful diagnostic method, but there have been few 
detailed studies on its value for the assessment of 
ovarian cysts (American Fertility Society, 1985; Michell 
et al, 1989). In the present study, we investigated the 
relationship between the relaxation time of surgically 
proven endometrial cysts and their iron content. We 
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also evaluated MRI as a diagnostic technique by 
comparing the MRI findings with those obtained during 


surgery. 


Materials and methods 

Fifteen surgically proven endometrial cysts were 
included in this prospective study. We employed a 
0.15 T resistive magnet system (Picker International, 
Highland Hts, Ohio), in which the number of gradient 
increments was 3 mT/m, and the pulse sequences used 
were inversion-recovery (IR) and spin-echo (SE) tech- 
niques. There were four data acquisitions per imaging 
period and two-dimensional Fourier transformations 
were used for image reconstruction. We also employed a 
Varian XL-200 spectroscopic (proton 200.06 MHz) 
nuclear magnetic resonance (NMR) unit. All patients 
were studied in the axial plane with one IR pulse 
sequence (2100/500 ms; repetition time [TR]/inversion 
time [TI and two SE sequences (2100/40 ms and 
2100/80 ms; TR/echo time [TE]). A calculated 7, or T, 
image was obtained when possible. T, calculations were 
obtained with the SE sequences at the same attenuator 
setting, and T, calculations were obtained with the IR 
sequence and the 2100/40 SE sequence. Operator- 
defined regions of interest larger than 100 pixels were 
drawn in the centre of each endometrial cyst. 7, and T, 
values for cysts were measured four times and the 
average was determined (Fig. 1). We excluded one case 
each in which the respective T, and T, values could not 
be obtained owing to physical movement. 

The cyst fluid was collected after surgery or, if the cyst 
could not be removed, the fluid was aspirated at opera- 
tion taking care not to include blood or exudate. The 
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(a) 








(C) 


Figure 1. Right endometrial cyst and left simple ovarian cyst. 
(a) Transaxial 7\-weighted image (IR pulse sequence, TR 
2100 ms, TI 500 ms). (b) 7,-weighted image (SE sequence, TR 
2100 ms, TE 80 ms) and calculated 7, image obtained with the 
IR sequence and the 2100/40 SE sequence. (c) A calculated T, 
image and operator-defined regions of interest are shown. The 
endometrial cyst demonstrates high signal intensity on both 7, 
and 7,-weighted images and a short 7, value on the 7, 
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Figure 2. Correlation between the 7, and sp-7, values for 
endometrial cysts. The 7, and sp-7, values correlate very 
strongly and the 7, values obtained using this MRI system are 
found to be reliable (the correlation coefficient is 0.93, p < 
0.01) 


iron content of the cvst fluid was then measured by the 
nitroso-PAT method. 

Cyst fluid was placed in an NMR sample tube 5 mm 
in diameter for measurement using the XL-200. The IR 
method was used to obtain sp-7, and the 
Carr-Purcell-Meiboon-Gill (CPMG) method was used 
for sp-7,. Sp-7, and sp-7, values of the cysts were 
measured three times and the average was determined 
Staging of the endometrial cysts by clinical examination 
was performed according to the American Fertility 
Society classification system (AFS, 1985), in which each 
stage indicates the severity of the endometriosis 
(minimal, mild, moderate, or severe). Table I shows the 
relaxation times, cyst fluid iron concentrations, and 
AFS grades for all 15 patients. Analysis of variance was 
used statistically. 


Results 
Reliability of the M RI T, and T, values 

Figures 2 and 3 show the relationship between the 7T 
and T, values for the endometrial cysts obtained by 
MRI and spectroscopy. The correlation coefficient for 
T, and sp-7, was 0.93 (p < 0.01) and that for 7, and 
sp-7, was 0.87 (p < 0.01). In particular, the 7, and sp-7 


values correlated very strongly and the 7, values 





calculated image. The serous cyst demonstrates low signal 
intensity on the 7\-weighted image and high signal intensity on 
the 7,-weighted image, which reflects prolonged relaxation 


time 
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Figure 3. Correlation between the 7, and sp-7, values for 
endometrial cysts. The correlation coefficient for T, and sp-7, 
is 0.87 (p < 0.01). 


obtained using this MEI system were found to be 
reliable. 


Utility of relaxation times 
T, values and the cyst fluid iron concentration showed 
a negative correlation {r = —0.81, p « 0.01), suggesting 
an inverse relationship between the two factors (Fig. 4). 
7, values and the iron concentration also correlated 
negatively, but the relationship was not significant. 
Table H shows the cyst fluid iron concentrations, 
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Figure 4. Correlation between the 7, value and the cyst fluid 
iron content. A negative linear relation was found between the 
two parameters (r = —0.81, p < 0.01). 


relaxation times and AFS stages. The disease was Stage 
II in three cases, Stage III in three cases, and Stage IV in 
nine cases. An increased iron concentration and a reduc- 
tion of T, and T, values was noted in higher-stage cysts. 
It is crucial to distinguish Stage IV from the other 
stages, because surgery becomes difficult owing to exten- 
sive adhesions in this stage. Therefore, iron concentra- 
tions and relaxation. times were compared between 
Stages I] and HHI and Stage IV. The T, value was 
384 + 124 in Stages II and HI and 208 + 32 in Stage IV, a 


Table L T, and T, relaxation times obtained using MRI and spectrometry, and the cyst fluid iron content for all the endometrial 





cysts 

Patient T, (ms) T, (ms) sp- T, sp- 7, Fe Stage 
age Mean SD Mean SD (ms) (ms) (ug/dl) (AFS) 
(years) 

42 500 43 157 22 978 297 — il 

28 287 i2 — 610 198 696 I 

54 449 I8 81 18 1127 174 320 H 
42 530 24 105 31 890 241 431 HI 

24 298 it 72 11 680 119 830 HI 
40 239 7 65 li 405 69 2870 iH 

43 167 4 59 7 95 48 3640 IV 
43 184 8 67 265 47 4800 IV 
si 257 H1 74 6 525 90 1480 IV 
51 230 15 75 9 485 69 2940 IV 
42 180 7 50 7 296 55 3780 IV 
36 245 9 110 14 599 111 1740 IV 
36 200 i} 80 9 442 80 3420 IV 
45 — — 52 8 162 3M 5720 IV 
45 203 [3 70 15 372 40 3120 IV 
4j +8 284 4-116 80 -F 27 540 + 269 111478 2556 + 1621 





SD = standard deviation. 
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Table Il. 7, values, 7, values and cyst fluid iron content for 
cysts of each stage. An increased iron concentration and a 
reduction of 7, and 7, values were noted in higher-stage cysts 


Stage T, T, Fe 
(ms) (ms) (ugidl) 

H 412x111 119+ 54 508 + 266 
(n = 3) (n = 2) (n = 2) 

Hl 356 + 154 81 r21 1377+ 1308 
(n= 3) (n = 3) (nom 3) 

H 4- HI 384 + 124 96437 1029 + 1049 

IV 208 + 32 714 18 3404 + 1336 
(n = 8) (n = 9) (n = 9) 


statistically significant difference (p « 0.05). The cyst 
fluid iron concentration was 1029+ 1049 in Stages Il 
and IH and 3404 + 1336 in Stage IV, again a statistically 
significant difference (p « 0.05). 


Discussion 

In recent years, the use of MRI to diagnose endo- 
metrial cysts has been reported, but previous studies did 
not investigate the cyst contents as we did (Nishimura et 
al, 1987; Arrive et al, 1989; Michell et al, 1989). 
Characterization of the cyst fluid is possible by 
measuring the intensity of its signal, although this inten- 
sity 18 affected by the pulse sequence used, the size of the 
patient or the position of the lesion. For this reason, 
comparison between different patients is difficult, even if 
the imaging methods used are identical. Secondly, more 
iron concentration and viscosity causes higher signal 
intensity on both 7, and 7,-weighted images. However, 
prominent concentration of iron causes magnetic 
susceptibility inhomogeneity and prominent viscosity 
causes marked 7, shortening, especially in old endo- 
metrial cysts. Therefore, the older endometrial cyst does 
not always demonstrate the higher signal intensity on 
T, or T;-weighted images. However, relaxation times 
may be compared, provided that the magnetic field 
intensity is constant. When relaxation times obtained 
using MRI have been compared with those obtained by 
in vitro spectroscopy, the 7, value has appeared to be 
reliable in some cases (Terrifer et al, 1985). The NMR 
signal is influenced in a complex way by blood flow and 
tissue pH, so the relaxation times of resected specimens 
are thought to provide inaccurate results for solid 
lesions. 

However, endometrial cysts exist in the body as a 
relatively isolated entity and the resected specimen is 
therefore considered to have similar characteristics to 
the in situ cyst. We found a strong correlation between 
the relaxation time obtained using MRI and those 
obtained using spectroscopy in the present study, indi- 
cating that the MRI relaxation time for endometrial 
cysts has a high reliability. 

It is possible to compare the relaxation time obtained 
from different patients, but since the relaxation time is 
itself dependent on the magnetic field, accurate compari- 
son will only be possible when the field intensity can be 
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controlled precisely and field uniformity is improved, In 
addition, the algorithms for calculating the relaxation 
time vary with the type of MRI equipment used, further 
compounding the difficulty in obtaining an accurate 
comparison of patient data. Absolute relaxation time 
should thus only be compared with data obtained from 
the same type of MRI unit. However, it is possible to 
compare relative relaxation times obtained from 
different types of MRI units because the relaxation time 
is closely correlated to the magnetic field strength | 
(Lynch, 1983). 

MRI has been advocated as the method of choice for 
evaluating endometrial cysts, although there are some 
limitations on detecting small peritoneal implants. The 
limitations of MRI in demonstrating small implants and 
adhesions, as well as the absence of known correlations 
between MRI findings and severity of the disease, 
appear to preclude the accurate staging of endometriosis 
by MRI. Small peritoneal implants cannot be demon- 
strated even using superconducting MRI. MRI was 
previously found to be not useful in staging endometrial 
cysts because the diagnosis of adhesions to adjacent 
organs was based on indirect findings. A more accurate 
diagnostic method was thus needed to stage endometrial 
cysts (Arrive et al, 1989). This study focused on the 
contents of endometrial cysts because changes of the 
contents might correlate with the aging of endometrial 
cysts. Previous reports on intracranial haematomas have 
shown that the methaemoglobin content of haematoma, 
free Fe^* ions, haematocrit, protein and lipids are all 
related to the 7, and T, values. In particular, the 
concentrations of methaemoglobin and free Fe^* ions 
are related to the 7, value and the haematocrit to the 7, 
value (Stark et al, 1985; Bradley & Schmidt, 1986). 
Endometrial cysts can be graded with respect to their 
contents, since the long-term nature of the intracystic 
haemorrhage results in an iron concentration approxi- 
mately 10-20 times greater than that of a chronic 
subdural haematoma. Consequently, an endometrial 
cyst is very different from an intracranial haematoma, 
and the cyst contents show a marked increase in iron 
concentration and viscosity with time because of the 
degradation of old blood. The present study revealed 
that the 7, value and the iron concentration were corre- 
lated negatively, indicating that a smaller number of 
factors influence the relaxation time for endometrial 
cysts when compared with intracranial haematomas 
(Bradley & Schmidt, 1986). As the iron concentration 
and the viscosity of the cyst fluid increased, a corre- 
sponding decrease in relaxation. time was observed 
(Fullerton, 1988). 

In conclusion, we have investigated the clinical 
application of MRI in staging endometrial cysts by 
measuring relaxation times (Sugimura et al, 1987), and 
found that the 7, value might be useful for assessing 
cyst progression. It was especially useful for identifying 
Stage IV cysts, for which surgical management is very 
difficult. This novel application of MRI will hopefully 
prove to be of value in the future diagnosis of endo- 
metrial cysts. 
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Audit in action: significant reduction of double-contrast 


barium enema screening time with no loss of examination 


quality 
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Abstract. The double-contrast barium enema is an examination of high radiation exposure to the patient. As part of a 
departmental audit, our own fluoroscopic screening times were being recorded. A study was undertaken to see if a determined 
effort could reduce the screening time without having a detrimental effect on the quality of the examinations. Methods of screening 
time reduction were identified and then implemented by two radiologists. In the period before the study the average screening time 
for radiologists A and B was 2.6 min and 3.2 min, respectively (over 56 examinations). After implementation of the changes, the 
average screening time for both was 0.9 min (over 50 examinations). This is a statistically significant reduction (p « 0.01). The 
examinations were assessed independently by a gastroradiologist. No difference in the quality of the examinations was identified. 
We conclude that a significant reduction of screening time for the double-contrast barium enema can be achieved without loss of 


examination quality. 


As part of the departmental audit programme, screening 
times were being recorded for a number of fluoroscopic 
examinations. The aim was to make each radiologist 
aware of their own screening times and to consider it an 
integral part of the examination. 

The joint National Radiological Protection. Board 
and Royal College of Radiologists (NRPB-RCR) report 
(1990) has highlighted the potential for patient. dose 
reduction for a number of radiographic procedures, and 
the need for work in this area. It was shown that several 
methods could be used to reduce radiation exposure to 
the patient. during screening procedures. A general 
reduction of screening time was one suggestion, but as 
far as we are aware no work has been carried out to 
establish if a more deliberate effort to lower screening 
times can succeed without loss of useful diagnostic 
information. 

This paper examines ways in which screening times 
can be reduced in the double-contrast barium enema 
examination, and looks at the effect this may have on 
the examination quality. 


Method 

The total double-contrast barium enema screening 
time, as recorded on the equipment timers, was noted 
for all radiologists. At the end of each month the figures 
were transferred to a computer for analysis. The same 
screening table, a Phillips Diagnost 73, was used 
throughout. 

Tables were produced giving the average screening 
time for each radiologist, às well as the number of 
examinations and the average number of radiographs 
taken. 
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Correct use and appropriate removal of the ant 
scatter grid, and collimation of the beam to the area of 
interest, were used throughout the study. H was, 
however, the screening time reduction techniques that 
were the main direction of effort. 

During the barium-filling phase of the examination, 
screening was pulsed to short intervals with longer gaps 
between. Any delays in the passage of the barium were 
easy to detect and that area of bowel was examined 
more closely, with spot radiographs being taken as 
necessary. 

Much of the barium enema examination involves a 
pattern of patient rotation usually differing little 
between individual patients. This rotation was per- 
formed without screening, with short pulses of screening 
being used afterwards to check the effectiveness of 
barium coating. When coating and air insufflation had 
been achieved, the patient was positioned for the spot 
radiographs. This was carried out without screening 
during the actual movement. The position was checked 
with a short pulse of screening. If the positioning was 
inadequate, repositioning was carried out without 
screening control, before being checked by pulsed 
screening again. In this way the screening times were 
kept as low as possible. 

Hyoscine-n-butylbromide (20 mg) (Boehringer 
Ingelheim) was used routinely for each patient. The 
barium used was barium 520 disposable (E-Z-EM). 

The results from the month after the changes were 
implemented were taken and compared with the figures 
from the month before the changes were implemented. 
All of the radiographs taken in those 2 months by the 
two radiologists were recalled and independently 
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Table 1, Average screening time (in minutes) before and after 
implementation of changes 





Radiologist screening time 
Month before Month after 
E - "s em m 2 h joe . 
A 2.6 1.239 0.9 0.3-2.5 
(n = 19) (n = 26) 
B 3.2 1.8-5.0 0.9 0.1-3.5 
(n = 37) (n = 24) 





There was a significant reduction in screening time between the 
2 months (p « 0.01). The average number of film exposures 
taken remained unchanged throughout the study at I} per 
examination (n = number of examinations). 


reviewed by a gastroradiologist who did not know when 
or by whom the examinations were performed. Each 
examination was assessed for quality on the basis of 
whether a confident report could be given for all the 
areas of the large bowel. The examination was then 
graded as acceptable or non-diagnostic. The 2-months 
results were compared. 11 months later, the patient case 
note were recalled to assess the outcome of the enemas 
performed in the 2 months. The enema findings were 
compared with subsequent patient progress and investi- 
gations to discover if any lesions had been missed. 


Results 

Results of the study are summarized in Table I. A 
total of 106 double-contrast barium enemas were per- 
formed in the months before and after the changes were 
implemented by the two radiologists. There was no 
significant difference in the pattern of disease detected 
by the two radiologists. The average screening time for 
each radiologist fell significantly between the two 
months (p « 0.01, modified Z-test). Before the changes, 
the average screening time for radiologist A (a consult- 
ant) was 2.6 min; the average time for radiologist B (a 
registrar) was 3.2 min. The department average at this 
time was 3.3 min. After the changes, both radiologists 
had an average screening time of 0.9 min. The number 
of radiographs taken did not change over the 2 months, 
remaining at 11 per examination for both radiologists. 
No difference was found in the quality of the radio- 
graphs produced between the 2 months using the defini- 
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tion of diagnostic acceptability set out above. Three 
enemas from each month were considered non-diagnos- 
tic. This was due to factors such as residual faeces, 
incontinence of the barium or numerous overlapping 
loops of bowel with diverticula, and not due to the 
technique itself. Of the 106 examinations, no lesion has 
been discovered in the 11 months follow-up that was not 
shown on the radiographs taken during the 
examinations. 


Discussion 

Patient radiation exposure has been a point of 
increased interest over recent years in the lay press 
(Which?, 1990), the general medical press (Nolan, 1991) 
and within the radiology professions (DeLacey, 1987; 
Kerr, 1991). Efforts to reduce patient radiation exposure 
have been highlighted by the NRPB-RCR (1990). 

We were concerned that any efforts directed at 
reducing patient radiation exposure further would have 
a detrimental effect on the quality of the examination, 
believing our techniques to be adequate as they were. 

The departmental audit programme had the aim of 
almost subconsciously effecting a screening time reduc- 
tion, and so reducing patient radiation exposure, by 
making the figures available for assessment and com- 
parison. We believe that this study shows a more direct 
effort can reduce screening time and radiation exposure 
without reducing the quality of the examination. 

A previous report based on a survey of 20 different 
hospitals looked at patient radiation exposure during 
various radiological procedures and found an average 
screening time for barium enemas of 3.7 min 
(Shrimpton et al, 1986). However, it included an 
unspecified number of single-contrast enemas within the 
group and is therefore not directly comparable. 

The assumption that a change in screening time 
results in a change in patient radiation exposure, all else 
being equal, is not new (Harrison et al, 1983). Direct 
exposure measurements were not taken during the study 
as a dose-area monitor was not available at that time. 
After the study period we were able to assess exposure 
more quantitatively. An estimate was made of the frac- 
tion of the patient exposure attributable to the screening 
time by averaging readings taken over a separate group 
of enema examinations. We estimated that on our 
equipment, before the screening time reduction changes, 
around 25% of the total patient exposure was attribut- 
able to the screening time. After the changes, this had 


Table H. Estimated exposure levels (air kerma x area product) on our equipment for each of the screening times based on readings 
taken using a dose-area monitor. Exposure levels are rounded up to the nearest whole number 
PPLA ASIANA EA AEAEE NAHKAA TAARA A AUREL FEA OPP PTER UD AOL AURA ry PREAH tetris rir PARAL PUR UTILE AARAU 


Total 
area exposure 
product (mGy x em) 


Average 
screening 
ume (mun) 


0.9 10428 


2.6 11870 
3.2 12470 


Screening 
area exposure 


Screening exposure 
as percentage of 


product (mGy x cm’) total 

1130 10.8% 
2572 21.7% 
3172 25.4% 
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fallen to just under 11% of the total. There had, there- 
fore, been approximately a 14% reduction in the total 
patient radiation exposure by reduction of screening 
time alone (Table IT). 

The amount of radiation reaching the patient may be 
modified by a number of well recognized factors 
(Harrison, 1991). The performance of fluoroscopy 
equipment such as image intensifiers has improved, but 
the expense of purchasing new equipment has limited 
the overall effect of this method of reducing patient 
radiation exposure. The radiologist has available a 
number of ways to alter patient exposure. The use of the 
lowest exposure factors compatible with a reasonable 
image, the appropriate use of the antiscatter grid, colli- 
mation of the beam to the minimum size required and 
attempts to reduce the number of radiographs taken are 
all recognized methods of reducing radiation exposure. 
Reduction of the screening time has been suggested 
alongside these measures, but, as far as we are aware, 
has not been assessed previously in its own right in this 
Way. 

It is important to note that the primary consideration 
for all examinations is to achieve a diagnostically 
acceptable result with minimum disturbance of the 
patient. Allowing for the above, efforts can be made 
towards screening time reduction and we conclude that 
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it is possible to reduce screening time by a significant 
amount without affecting the overall quality of the 
examination. 
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Abstract. Despite an improving overall survival rate for children with Wilms’ tumour, four out of seven patients with bilateral 
tumours died in the period from 1952 to 1960 and five out of eight died in the period from 1971 to 1989, at St Bartholomew's 
Hospital and the Hospital for Sick Children. More aggressive chemotherapy with both adriamycin and actinomycin D and 
concern over voung age being predisposed to late radiation morbidity prompted us to keep radiotherapy dose prescriptions to the 
surviving kidney below the quoted renal radiation tolerance dose equivalent. In three long-term survivors treated with daily 
iractions up to 167 cGy and total doses of 1000-1200 cGy, we have found renal function and growth to be within the "normal" 
range at follow-up and the patients to be normotensive 6-8 years later. As four of the eight patients reported here died from local 
disease progression within the kidney (albeit despite slightly larger dose prescriptions), we discuss the potential for larger total 


doses to be delivered in this situation. 


Bilateral (Stage V) nephroblastoma (Wilms' tumour) 
may arise synchronously or metachronously, and 
accounts for approximately 5% of all cases (Bishop et al, 
1977), The management of these patients is difficult and 
controversial. Cases involving both kidneys at presen- 
tation are currently managed either by nephrectomy to 


small contralateral tumours, post-operative chemo- 
therapy and radiotherapy to the surviving kidney, or by 
bilateral renal biopsies, chemotherapy and, usually, low- 
dose radiotherapy to both kidneys. Relapse in the 
contralateral kidney may be salvaged by employing 
combination chemotherapy, radiotherapy and occasion- 
ally surgery (Plowman, 1988). 

lt is well established that the kidney is a radiosensitive 
organ, and the syndromes of acute and chronic radia- 
uon nephropathy are well described and have recently 
been reviewed by Robbins and Hopewell (1991). As 
radiosensitivity of an organ is usually maximal at times 
of high proliferation, it was thought likely that a grow- 
ing, immature kidney is at highest risk; the clinical 
observations of Zuelzer et al (1950) and Zeigerman et al 
(1957) and the experimental work of Pheimster & 
Thomassen (1973) appear to support this. Therefore, 
original National Wilms’ Tumour Study Group 
(NWTS) protocols varied doses of abdominal radiation 
given, using an age-related scale (D'Angio et al, 1976). 
However, more recent work with rodents suggests that 
young and adult kidneys are equally radiosensitive 
(Jongejan et al, 1987) and radiation tolerance in humans 
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may be similar (Rubin et al, 1982), although the subject 
remains controversial and the volume of kidney irra- 
diated with respect to age may be relevant. 
Chemotherapeutic agents commonly used in the treat- 
ment of Wilms’ tumours are known radiosensitizers and 
any radiation toxicity may be enhanced. Arneil et al 
(1974) described two children with Wilms’ tumour who 
developed acute renal failure following chemotherapy 


_with actinomycin D and vincristine and post-nephrec- 


‘tomy radiation (1500 cGy and 2000 cGy) to the 


surviving kidney, In addition, Moskowitz et al (1980) 
observed a lack of normal compensatory renal hyper- 
trophy in two children following whole abdominal 
irradiation and combination chemotherapy. These 
observations have naturally influenced our dose pre- 
scription (vide infra) in patients receiving renal radio- 
therapy in combination chemo-radiotherapy protocols 
for Wilms’ tumour patients. 

At the Hospital for Sick Children, Great Ormond 
Street, 178 patients have been treated for Wilms’ 
tumour since 1971, of which 30 have been Stage V. In 
this paper we review the eight patients, usually having 
synchronous advanced bilateral tumours, whose treat- 
ment has involved irradiation of their only surviving 
kidney, and discuss in detail the three long-term sur- 
vivors. We examine the effect of radiation to a sole 
kidney, review the role of chemotherapy and radio- 
therapy, and discuss the possible dose regimes 
employed. 


Methods 

Between 1971 and 1986, eight children aged between 9 
months and 6 years were referred from Great Ormond 
Street to St Bartholomew’s Hospital for radiotherapy to 
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Table 1. Details of treatment and outcome on all eight patients studied, with synchronous or metachronous bilateral Wilms' 
tumours, whose treatment involved nephrectomy and irradiation of the remaining kidney 


Patient Age at Bilateral or Histology Radiation to surviving Outcome Survival — Notes 
(sex) presentation recurrence kidney after R/T 
(years) ———————— | 
Dose Fractions Time 
(cGy) (days) 
S.M(F) 2 Bilat. FH 1000 6 8 CR A/W 6 
years See text 
JT(4F) 6 Recur. FH 1500 10 12 PD t3 months Died in ARF (urea — 46) 
with progressive loca! 
disease in kidney 
M.AAF) 5 Bilat. FH 1000 12 16 CR A/W 8 
years See text 
RS(F) 2 Recur. FH 1200 {3 17 CR A/W 13 
years See text 
M.P(M) 2 Recur UH 1800 I5 19 PR t4 years Normal urea, electrolytes, BP 
before death, but ultrasound 
showed recurrence in kidney 
| 4 years post R/T 
R.O’R(F) 9 months Bilat. FH 1350 9 19 PR tlyear Died in ARF (urea = 82) but 
progressive local disease in 
kidney 
M.L.(M) I Bilat. FH 1782 8 12 Normal urea, electrolytes, but 
raised BP before death. 
Died of local recurrence in 
to whole abdomen and kidney 
then | year later: 
500 5 7 PD TI8 
| months 
to remaining kidney 
Total dose — 1282 cGy : 
J.M(F) 4 Bilat. FH 7350 15 20 PD | year Residual disease post- 


nephrectomy in right flank. 
Relapsed during R/T with 
ascites and died of ARF 
secondary to PD 





R/T = radiotherapy; FH = favourable histology; UH = unfavourable histology; CR = complete remission; PD = progressive 
disease: PR = partial remission: A/W = alive and well; ARF = acute renal failure. 


the surviving kidney following nephrectomy for Wilms’ 
tumour (Table I). All either had bilateral disease or had 
developed recurrence in the remaining kidney. All 
patients had also been given combination chemo- 
therapy: all received vincristine and actinomycin, six 
received additional adriamycin, two cyclophosphamide, 
and one etoposide and ifosfamide. 

The patients were treated through parallel opposed 
megavoltage X-ray portals, and received doses ranging 
from 500 to 1800 cGy given over 6-15 fractions over 
periods ranging from 8 to 19 days. Following treatment, 
patients were followed up at Great Ormond Street and 
Bart’s with physical examinations, blood pressure 
measurements and assessment of renal function by 
serum urea and electrolytes and in some cases DMSA, 
DPTA and ultrasound scans. Follow-up varies from 3 
months to 11 years. 

Case histories of three long-term surviving patients 
are recorded. 
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Case reports 
Case 1 

This gir! (Patient S.M. in Table I) presented at age 2 
years, with abdominal swelling. Laparotomy disclosed 
bilateral Wilms’ tumours. There was a well circum- 
scribed tumour replacing the lower pole of the left 
kidney and a suspicious area at the lower pole of the 
right kidney. 

Left nephrectomy was performed and biopsies of the 
right kidney taken. Histology showed both tumours to 
be Wilms’ tumours of favourable histology. 
Post-operatively, her renal function was norma! (serum 
urea 4.2 mmol/l, serum creatinine 43 umol/l) and her 
blood pressure was 110/60 mmHg. 

Adjuvant chemotherapy with vincristine, adriamycin 
and actinomycin, according to the UKCCSG protocol 
current at that time, was commenced, which the child 
received for 3 months. 

At this time (20 days after this last chemotherapy 


LA 
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(a) 


(c) 


Table H. Results of serial ultrasound and DMSA scans on 





Case 2 
Time of Findings 
scans 
month Ultrasound: normal right kidney (Fig. la) 
post-R. T Renal length: 7.8 cm 
DMSA: normal (Fig. Ib) 
| year Ultrasound: normal right kidney 
post-R/T Renal length: 8.0 cm 
DMSA: normal 
2| years Ultrasound: normal right kidnes 
post-R 1 Renal length: 9.4 cm (Fig. Ic) 
M years DMSA: normal (Fig. Id) 
posi RI 
4 years Ultrasound: normal right kidney 
post-R. T Renal length: 8.7 cm 
6 years Ultrasound: normal right kidney 
post-R T Renal length: 9.6 cm 





RI radiotherapy 
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(b) 





Figure 1. Case /. (a) Renal ultrasound 
scan ] month . post-radiotherapv 
H (b DMSA scan 1| month post- 
radiotherapy. (c) Renal ultrasound scan 
2} years post-radiotherapy. (d) DMSA 
(d) scan 34 years post-radiotherapy. 


dose) radiotherapy to the right flank, encompassing the 
whole right kidney, was delivered. Using 6 MV X rays 
and parallel opposed anterior and posterior portals, à 
mid-plane dose of 1000 cGy in 6 fractions over 8 days 
was delivered. Further chemotherapy was then given for 
another 8 months, using the same drugs, starting 2 
weeks after completion of radiotherapy. 

The child is now 6 years from renal radiotherapy and 
is aged 8 years. Her renal growth and function has been 
assessed by serial ultrasound and DMSA scans (see 
Table H and Fig. 1). Renal size has always been within 
the normal limits for her age using the nomogram of 
Han and Baldock (1985) (Fig. 2), and all DMSA scans 
have been normal. (The nomogram predicts growth in 
normal children with both kidneys present; therefore, in 
a nephrectomized patient compensatory hypertrophy 
may be expected, but no data are available to predict 
normal renal growth in such a situation.) Her current 
renal function is normal, as evidenced by the following 
investigations: serum urea 5.3 mmol/l, creatinine 
50 pmol/l, renin 790 ngAL/I;/W (normal 131-834), 
haemoglobin 12.0 g/dl. Other serum electrolytes were 
normal, urinalysis showed no proteinuria and glom- 
erular filtration rate, measured by EDTA clearance, was 
110 ml/min/!.73 m^. Renal ultrasound showed a normal- 
sized kidney and blood pressure was 118/68 mmHg. 


The British Journal of Radiology, June 1992 


Radiotherapy after nephrectomy in Wilms’ tumour 


13 
L... predicted mean 


12 F ——— 95% prediction limits ø 


Renal 11 P d 


length 10 / 
(cm) v uf 


9 e ^ 


Œ Q N Q 


2 
024681012 5 10 15 


months years 


AGE 


Figure 2. Nomogram for normal renal size in children, as 
measured by ultrasound (Han & Baldock, 1985). Following 
nephrectomy and irradiation of the sole surviving kidney, all 
measurements on Case | (6) have been within 95% confidence 
limits, and the length of the surviving kidney of Case 3, 15 
years after treatment, is also illustrated (©). 


Case 2 

This girl (Patient M.A. in Table I) presented aged 5 
years with haematuria and a mass palpable in the right 
flank. At operation the right kidney was massively 
enlarged by nephroblastoma. Nephrectomy was per- 
formed, complete with the entire tumour, which 
extended along the renal vein into the vena cava. The 
left kidney was also found to be extensively involved 
with tumour, especially in the upper pole, and a repre- 
sentative nodule was biopsied. Histology of the right 
tumour showed "favourable histology" Wilms' tumour 
and that of the left, necrotic tumour with features of 
nephroblastoma. 

Post-operative renal function and blood pressure were 
normal and she was commenced on chemotherapy with 
alternating etoposide, vincristine, adriamycin (EVA) 
and vincristine, actinomycin D, cyclophosphamide 
(VAC), with weekly vincristine for 10 weeks. She also 
received radiotherapy to a field encompassing the left 
kidney to a total mid-plane dose of 1000 cGy using 
"Co y rays by parallel opposed fields in 12 fractions 
over 16 days. Chemotherapy recommenced 2 days after 
radiotherapy and was continued for 2 years. 

She is now aged 13 years, more than 6 years post- 
completion of treatment and is completely well with no 
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evidence of disease. Her blood pressure is 90/60 mmHg. 
Her haemoglobin is 11.6 g/dl, and her other renal func- 
tion tests including serum urea and electrolytes and 
urinalysis are normal. Her last DTPA scan performed 2 
years ago showed a glomerular filtration rate (GFR) of 
123 ml/min and was reported as normal, and no further 
radioisotope scans are planned for 5 years, as the child 
lives in Greece. 


Case 3 

This girl (Patient R.S. in Table I) was found to have a 
Stage I "favourable histology" left-sided Wilms' tumour 
at 2 years of age, when she presented with haematuria 
and loin pain. She had a left nephrectomy and then 4 
months chemotherapy with single-agent vincristine. 

Two years later she again developed haematuria and 
a right kidney could be palpated. An intravenous pyelo- 
gram (IVP) showed multiple unresectable tumours in 
the right kidney and the clinical diagnosis of recurrent 
Wilms’ tumour was made. She was treated with 6 
courses of vincristine, adriamycin and actinomycin D, 
during which she also received 1200 cGy to her entire 
right kidney by parallel opposed fields with Co y rays, 
given in 13 fractions over 17 days. 

Eleven years later she is alive and disease-free. During 
this time there has never been any disturbance of her 
renal function tests, and recent investigations show 
good renal function: serum urea 6.8 mmol/l, creatinine 
77 pmol/l, blood renin 526 ngAI/l/W (normal range 
55-899) and haemoglobin 12.5 g/dl. GFR measured by 
EDTA was 81.2 ml/min/1.73 nr, urinalysis showed no 
evidence of proteinuria and blood pressure was 
116/70 mmHg. Ultrasound of the kidney shows à mass 
resulting from a long-standing calcified haematoma, but 
otherwise the kidney is of normal appearance and 
meaures 12 cm in length, within the expected limits for 
her age according to the nomogram of Han and 
Baldock (Fig. 2). 


Other cases 

A summary of the treatments and outcomes of the 
other five patients is shown in Table I. Two patients 
were treated for recurrent disease in the surviving 
kidney up to 4 years following primary therapy with 
surgery and chemotherapy; the other three patients had 
bilateral disease at presentation. One of these had à 
nephrectomy and chemotherapy, followed by radio- 
therapy to the surviving kidney; the second received 
whole abdominal radiotherapy and chemotherapy and 
then, on relapse, nephrectomy, chemotherapy and low- 
dose radiation. The third had whole abdominal radio- 
therapy following chemotherapy and nephrectomy 
because of residual disease in the nephrectomized flank, 
the dose of radiation to the contralateral kidney being 
attenuated by a partial transmission block (Fig. 3). 


Discussion 

The radiosensitivity of renal tissue has long been 
appreciated, although there are many manifestations of 
renal damage and the exact pathogenesis of renal radia-~ 


S135. 





Figure 3. Partial transmission block technique used for Patient 
J. M., enabling a dose of 1000 cGy to be given in 50 cGy 
fractions to the surviving kidney, simultaneously to the rest of 
the abdomen (unshielded) receiving 3000 cGy 


tion injury remains poorly understood. Domagk (1927) 
described a 9-year-old girl who received abdominal 
radiation for tuberculous mesenteric adenitis and who 
developed fatal renal failure 6 months later. Kunkler 
et al (1952) clarified the clinical radiosensitivity of the 
human kidney in his analysis of patients receiving total 
abdominal irradiation as therapy for testicular tumours. 
He concluded that doses exceeding 2300 cGv in 5 weeks 
carried a significant risk of renal damage. 

Of particular note was the low daily dose fraction size 
used (necessitated by the acute gastrointestinal toler- 
ance) given the current experimental and clinical 
evidence demonstrating the importance of fraction size 
in the late tolerance of the kidneys to radiotherapy 
(Williams & Denekamp, 1984; Stewart et al, 1984). 

In the following years, Grossman (1955) and Redd 
(1960) extended these observations, and several 
syndromes of radiation "nephritis" were described 
(Luxton, 1953). Avioli et al (1963) studied 10 patients 
who were given whole abdominal irradiation (the 
kidneys receiving 2000-2400 cGy over 3-4 weeks) and 
noted that subclinical changes occurred in renal plasma 
flow and GFR within 12 months of treatment, although 
more routine tests such as blood urea levels, urinalysis 
and IVPs were normal. Subsequent studies such as those 
of Kim et al (1980) have confirmed these observations 
and shown that such changes persist for up to 8 years 
after treatment, although spontaneous recovery may 
OCCUT. 

More severe and clinically significant changes may 
also develop to give the picture of acute radiation 
nephropathy, with oedema, dyspnoea and hypertension. 
These patients generally have a poor prognosis and may 
develop malignant hypertension. Late radiation nephro- 
sis (Luxton, 1953) characterized by proteinuria, raised 
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blood pressure, decreased renal function and anaemia 
may occur, but generally has a better prognosis. 

Isolated proteinuria or hypertension (usually mild but 
occasionally malignant) are other possible sequelae of 
renal irradiation. Clinical studies suggest the involve- 
ment of the renin-angiotensin system, probably as a 
result of ischaemia of the juxtaglomerular apparatus 
causing increased renin production (Shapiro et al, 1977). 
The development of malignant hypertension is à poor 
prognostic sign, and usually necessitates nephrectomy, 
although a case has been reported where a patient was 
successfully treated by the excision of a renal artery 
stenosis (Thomas et al, 1983). 

Of particular relevance when irradiating kidneys in 
paediatric patients is the effect on renal hormone 
production. The consequences with respect to the 
renin-angiotensin system have already been mentioned. 
There is little evidence on the influence on erythro- 
poietin production, but Fisher et al (1964) found that 
irradiation. of the dog kidney resulted in significant 
suppression of the expected rise in erythropoietin 
production 6 weeks after stimulation by injection of 
cobalt. However, baseline plasma erythropoietin levels 
and haematological values did not change. The clinical 
significance of these observations is unknown. 

There appears to be no evidence for an effect of 
irradiation on renal hydroxylation of vitamin D. 

In the management of bilateral Wilms’ tumour, or 
recurrence in the contralateral kidney. the radiothera- 
pist is faced with the consequence of irradiating a sole 
surviving kidney following unilateral nephrectomy or 
irradiating both. kidneys as part of the primary treat- 
ment. In this paper we have looked at a group of 
predominantly bad-risk Stage V Wilms’ tumour 
patients, who were referred for radiotherapy to the 
surviving kidney following nephrectomy to the worst 
affected side since 1971. In the period from 1952 to 
1960, 70 patients with Wilms’ tumour presented to our 
hospitals. Seven patients had had bilateral disease and, 
where the second tumour was not removed, Williams 
(1972) found 1500 cGy in 2-3 weeks to the surviving 
kidney to be a safe dose in conjunction with chemo- 
therapy. Three of those seven patients were alive 6-19 
years later. Subsequently the NWTS adopted the same 
dose: Bishop et al (1977) analysed 33 bilateral cases who 
received post-operative radiotherapy with doses ranging 
from 1000 to 2000 cGy. Although the higher doses 
appeared to be safe, they recommended a dose of 
1500 cGy in 10 fractions as being effective, well toler- 
ated and not associated with clinically apparent late 
renal damage. 

Vaeth (1964) reported doses of up to 3800 cGy (maxi- 
mum) and 2100 cGy (average) as being well tolerated by 
the surviving unaffected kidney in unilateral cases, but 
two of three Stage IV cases reviewed by Thomas et al 
(1983) developed renal complications following lower 
doses; one child developed radiation nephritis after 
2050 cGy, although renal function was only transiently 
abnormal. The second patient suffered hypertension 
after a dose of 2200 cGy, but the renal artery received 
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3000 cGy, and it was a segment of this vessel that 
developed stenosis leading to hypertension, which 
reversed after excision of the stenosis. 

With the introduction of more aggressive chemo- 
therapy in Wilms’ tumour protocols it is now worth 
reviewing the safety of "sandwich" radiotherapy in such 
a programme. The radiation-enhancing effects of adria- 
mycin and actinomycin D in particular (Lieber, 1962; 
Arneil et al, 1974; Phillips & Fu, 1976) have been 
described, and some evidence suggests that such com- 
bination therapy may inhibit the future growth of the 
treated kidney (Donaldson et al, 1980). The scheduling 
of the drugs may be particularly important, bearing in 
mind recent observations that the administration. of 
radiosensitizing agents prior to radiotherapy is less 
morbid than when the drugs are given simultaneously or 
immediately following irradiation (Horwich, 1989). 

Such aggressive chemotherapy prompted us to use 
radiotherapy doses lower than Williams’ recommended 
1500 cGy in four of the seven patients who completed 
therapy. In the three long-term survivors, who received 
1000-1200 cGy in 150—167 cGy fractions, the renal 
fraction tests including GFR, renal growth, haemo- 
globin and urinalysis have shown no discernible abnor- 
mality. (Although renal growth has been normal in the 
two patients for whom we have data, a caveat needs to 
be expressed in that the normal size ranges and growth 
curves apply only to children with two normal kidneys, 
and may not account for the compensatory hypertrophy 
in the remaining kidney of a nephrectomized child). 
Considering the fact that four patients died from local 
relapse in the kidney, it is now worth reviewing the total 
renal dose, although all four children who died received 
1500 cGy or more. The recent demonstration of extreme 
radiosensitivity of childhood tumours to small dose 
fractions (Deacon et al, 1985; Kelland et al, 1989), and 
the results of experimental studies that suggest there is a 
marked increase in renal tolerance with decreasing frac- 
tion size (Robbins & Hopewell, 1991), has prompted a 
move in this department away from "shrinking field" 
techniques. We have moved towards "partial trans- 
mission block" techniques (rationale reviewed by 
Plowman, 1991) and this led to the treatment pre- 
scription given to the last patient in Table I, as shown in 
Fig. 3. The right flank required the UKCCSG recom- 
mended dose prescription of 3000 cGy in 20 fractions; 
we used the 20 fractions to deliver 1000 cGy to the 
surviving kidney, a fraction size of 50 cGy. 
Unfortunately the child died from the development of 
generalized abdominal relapse and ascites during radio- 
therapy. Nevertheless, the concept of small daily dose 
fractions, which we might now take to a higher overall 
total dose of 1500-1750 cGy, was being explored in this 
case. 

In conclusion, the survival of patients with Stage V 
Wilms’ tumour in the period from 1971 to 1989 was 
similar to that in the period from 1952 to 1960, the only 
stage for which survival figures have not dramatically 
improved at this centre (Plowman, 1988). Although 
more conservative surgery is now often preferred to 


Vol. 65, No. 774 


unilateral nephrectomy, radiotherapy to the surviving 
kidney bearing active Wilms’ tumour remains an impor- 
tant part of management. We were originally swayed 
from delivering doses as high as recommended by 
Williams. (1972), because of radiosensitizing chemo- 
therapy and data on age-related renal radiation toler- 
ance, but we have now reviewed our practice. Our own 
observations on patients treated with 1000 cGy in 6 
fractions to 1200 cGy in 13 fractions sandwiched into a 
chemotherapy programme (preferably at a time when 
the surviving kidney's compensatory hypertrophy has 
largely finished) and the more recent evidence of less age 
dependence in renal radiation morbidity (vide supra), 
suggest that higher doses in these cases may be well 
tolerated and safe. 

However, in our series the four children receiving 
larger doses died of uncontrollable local disease, and 
further work is required to determine whether more 
intensive local radiotherapy will improve local control. 
Although our current practice is to return to the original 
prescription recommended in 1972 by Williams, viz. 
1500 cGy in 10 fractions, it may be possible to exploit 
the capacity of renal tissue for repair of sublethal 
damage by using smaller fraction sizes to achieve higher 
doses, as exemplified by the case illustrated here in 
Fig. 3. 
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Abstract. This study investigates the output from blocked treatment fields with 6 MV and 18 MV photons. Square fields, defined 
by collimators, were blocked down to smaller symmetrical square, rectangular and asymmetrical rectangular fields using blocks on 
a tray beneath the collimators. Up to 7.5% difference was found between the output measured for the blocked field and the output 
calculated using a collimator output factor for the surface field size. A method is described by which output factors for the blocked 
fields can be measured and used in practice. Three methods of approximating these output factors are also presented. 


The variation in linear accelerator output with colli- 
mator field size (CFS) is well documented. When the 
output of a lOcmxl0 cm field at 100 cem source 
-surface distance (SSD) is measured at the depth of 
maximum dose and normalized to 1.00, the output of 
5 cm x 5 em and 30 cm x 30 em fields will be less than 
and greater than 1.00, respectively. The variation in 
collimator output factors (OF.’s) with field size for our 
Varian Clinac 2100c with 6 MV and 18 MV photons is 
shown in Fig. 1. 

It has been assumed in this department that the OF.’s 
for the surface field size (SFS) could also be used for 
fields defined by blocks, placed on a tray beneath the 
secondary collimators. Taking an extreme case of a 
30cmx30cm CFS blocked down to a 
5 cm x 5 cm SFS, the output factor for the blocked field 
would be taken to be the same as the output factor of a 
5 cm x 5 cm field defined by the collimators. However, 
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Figure 1. Variation in output factors for collimator-defined 
fields with field size for 6 MV and 18 MV photons. 
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the blocks are closer to the patient than are the 
secondary collimators and will provide a different 
scatter contribution to the measuring point. Some of the 
scattered radiation from the secondary collimators will 
be stopped by the blocks and the blocks themselves will 
create additional scatter (Fig. 2). This paper describes 
work carried out in this department to measure output 
factors for symmetrically and asymmetrically blocked 
fields and, if possible, to combine the results into a 
single output factor table for all blocked fields. Meli 
(1986) has also measured output factors for 6 MV 
photons; this paper extends the results to 18 MV 
photons and, because of the length of time needed for 
such measurements, suggests approximations that could 
be used to calculate output factors for blocked fields 
using OF,'s. 


Equipment 
The following equipment was used in the measure- 
ments reported below: 


Varian Clinac 2100c with 6 MV and 18 MV photons 
Varian Clinac 6/100 with 6 MV photons 
Dosetek water phantom 33 cm x 33 cm x 33 cm 


¥ 


Focus 


Secondary 
Collimators 
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(b) 


m 
S 





rs 
(Cj 


Figure 3, Symmetrical and asymmetrical blocked fields. (a) 
Open field, with (b) symmetrical square block, (c) symmetrical 
rectangular block, and (d) asymmetrical rectangular block. 
(*Denotes the measuring point.) 


Farmer 0.6 cm’ chamber (type 2571) in waterproof 
sheath 
Farmer electrometer (type 2570) 


In the following equations, the equivalent square of 
the SFS at 100 cm SSD is always Fl. The CFS without 
blocks is also Fl and with blocks the CFS is increased 
to F (Fig. 3). 

Al equivalent squares were calculated using the 
sector integral method (Clarkson, 1941; Johns & 
Cunningham, 1983) employed by the Target treatment 
planning system (Cunningham et al, 1972; Cundiff et al, 
1973; Hallberg, 1976; Hallberg et al, 1977). The electro- 
meter readings obtained from the ionization chamber 
are denoted R1 (Reading 1), R2 (Reading 2), etc. All 
output factors are calculated relative to a 10 cm x 10 cm 
collimator-defined field. 


Symmetrical fields 

For a field defined by the secondary collimators 
(Fig. 3a), an electrometer reading contains primary 
output P (which is defined to include scatter from the 
head but exclude collimator scatter), an output factor 
OF. which includes collimator and phantom scatter S, 
and S, respectively, and a block tray attenuation factor 
T. which is minimally field-size dependent. 


(Open field) RI = (Px T) x OF, (1) 
P 1$ independent of collimator scatter by this definition, 
and T is only dependent on the SFS. Therefore, for any 
given SFS Fl, (P x T) is constant whether the field is 
defined by the collimators or blocks. Adding blocks to a 
field to define a new SFS (Fig. 3b,c) modifies the colli- 
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mator scatter to S; and adds scatter from the blocks S,, 
therefore changing the output factor to OF,. The 
phantom scatter contribution depends only on the SFS, 
and so remains the same for open or blocked fields. 


(Blocked field) R2 = (Px T) x OF, (2) 


The output factor OF, is known, having already been 
measured during commissioning. Therefore, dividing 
Equation 2 by Equation 1 gives OF,, the output factor 
of the symmetrically blocked field. 


Asymmetrical fields 

Output factors for symmetrical fields are defined in 
the beam central axis, which coincides with the centre of 
the irradiated field. These central-axis output factors 
(OF,) can be modified by an off-axis ratio (OAR) (Chui 
& Mohan, 1986) to provide an off-axis output factor 
OF. for the collimator-defined field. The OAR is 
defined as the ratio of outputs at positions off and on 
the beam central axis. The output factor in the centre of 
the asymmetrically blocked field is defined as OF,,, and 
the factor on the beam central axis is OF a. The 
equations to calculate the output factors for asym- 
metrically blocked fields are given below. 


(Open field) R3 = (Px T) x OF oa (3) 
where OF,, = OAR x OF, 
(Blocked field) R4 = (Px D) xOF,, (4) 


where OF,, = OAR x OF penx 


Dividing Equation 4 by Equation 3 gives OF,,,, since 
the OAR and OF, for the open field are known. As one 
of the aims of this study was to investigate the pos- 
sibility of having a single table of output factors for the 
blocked fields, whether symmetrical or asymmetrical, 
the output factors in both cases need to be measured at 
the same point: on the beam central axis. This can be 
achieved in the asymmetrical case by dividing the output 
factor OF oa by the open field OAR to find the colli- 
mator central-axis output factor OF a, Using an OAR 
from the open field and not the blocked field includes 
off-axis scatter from the blocks in the value of OF,,.,. 


Measurement technique 

The measuring point of the Farmer chamber (2.4 mm 
nearer the source than the chamber axis) was positioned 
at the depth of maximum dose: 1.5 cm deep for 6 MV 
photons and 2.5-3.5 cm deep for 18 MV photons, 
depending on the CFS. All measurements were 
corrected to standard temperature and pressure. 
Collimator and gantry positions were 0°, source-to- 
water-surface distance was 100 cm and each measure- 
ment was taken after setting 100 monitor units. 
Readings were obtained for a range of CFS from 
3cmx5 cm to 30 cm x 30 em with the block tray in 
position. For a fixed collimater setting, the field area at 
100 cm SSD was then reduced by placing blocks on a 
tray and readings were obtained in the centre of the 
irradiated field. 
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Table I. Output factors for symmetrically blocked fields 





Unblocked fields Blocked fields 





% Difference 


(— —— e ——  ———— (O F pO E ) 





CFS Output CFS SFS Output 
(cm) factor (cm) (cm) factor 
OF, OF, 

6 MV Photons 

5x 5 0.943 30 x 30 39x 1.013 + 74 
10x 10 1.000 30 x 30 [0 x 10 1.041 4 4.1 
15x 15 1.032 30 x 30 15 x I5 1.068 -3.5 
20 x 20 1.032 30 x 30 20 x 20 1.083 +2.9 
30 x 30 1.085 30 x 30 30 x 30 1.085 0.0 
18 MV Photons 

5x 5 0.918 30 x 30 5x $ 0.987 +75 
10 x 10 1.000 30 x 30 10x 10 1.037 +3,7 
15x15 1.044 30 x 30 15x I5 1.083 + 3.8 
20 x 20 1.068 30 x 30 20 x 20 1.114 44.3 
30 x 30 1.100 30 x 30 30 x 30 1.100 0-0 
Results produce a square field is also not a very likely clinical 


The output factors for 6 MV and 18 MV photons 
with symmetrical blocking are shown in Table I. If a 
30 cm x30 cm field, defined by the secondary colli- 
mators, is blocked down to produce an SFS of 
SemxS5cm, there is a 7.4% and 7.5% difference 
between the output factors for a given SFS, defined by 
collimators or blocks, for 6 MV and 18 MV, respect- 
ively. The results for 6 MV confirm the results of 
Meli (1986). i 

Although blocking down to a 5 cm x 5 cm is unlikely 
during patient treatments, blocking down to an equiva- 
lent square of 20 cm x 20 cm might be done in order to 
keep the same isocentric position when a target volume 
is decreased, for example, in a second course of treat- 
ment. In this latter case, there is a 2.9% and 4.3% error 
in the dose delivered by using OF, rather than OF, for 
6 MV and 18 MV, respectively. Using blocks to 


Table H. Output factors for asymmetrically blocked fields 


situation; far more likely is blocking one or both sides of 
a field to produce either an asymmetrical or a rect- 
angular field. 

The discrepancies shown in Table H for asym- 
metrically blocked fields are of approximately the same 
magnitude as in the symmetrical case, with a tendency 
to be less. The variation in output factor comparing 
symmetrically and asymmetrically blocked fields is 
shown in Fig.4 for 18 MV photons and a 
10 cm x 10 cm collimator setting. This shows only a 
small difference with blocking arrangement (typically 
within +1% of the mean when blocking down to 75% 
of the open field size). Therefore, it was deemed reason- 
able to calculate a table of average output factors to be 
used for all blocked fields, whether symmetrical or 
asymmetrical. Figure 5 shows the average output 
factors for blocked fields calculated in this way, with 








CFS Output CFS 
(cm) factor (cm) 
OF, 

6 MV Photons 

5*x.3 0.943 30 x 30 
10 x 10 1.000 30 x 30 
15x15 1.032 30 x 30 
20 x 20 1.052 30 x 30 
30 x 30 1.085 30 x 30 
18 MV Photons 

3x 5 0.918 30 x 30 
10 x 10 1.000 30 x 30 
15x15 1.044 30 x 30 
20 x 20 1.068 30 x 30 
30 x 30 1.100 30 x 30 


% Difference 





SERRE sh a SEE tet ete Ee RE D - (O F,/0 F, ) 
SFS Output 
(cm) factor 
OF 

5x 5 — — 
10 x 10 1.041 +4] 
15x15 1.059 42.6 
20 x 20 1.065 +4.2 
30 x 30 1.085 0.0 

55:09 — -l 
10x10 1.057 +57 
15x15 1.075 +3.0 
20 x 20 1.091 42.2 
30 x 30 1.100 0-0 
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Figure 4. Output factors for various blocked field types for 
18 MV photons and a collimator setting of 10 cm x 10 em. 


factors for open fields. These curves show the discrep- 
ancies that would occur if the OF, for the SFS was used 
to calculate dose given (open field values) rather than 
the more correct values of OF, 


Discussion 

From measurements in a water phantom, the output 
of a given SFS defined by blocks is always higher than 
the output of the same field size defined by the 
secondary collimators. Three possible components 
creating this change in output factor are: (i) the collima- 
tors are open wider in the blocked field case, contri- 
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buting fewer backscattered electrons to the ion chamber 
in the head of the accelerator and allowing a longer 
"beam-on" time; (ii) the blocks are cutting out some of 
the forward scatter from the collimators; and (iii) the 
blocks themselves are producing scatter to the 
measuring point of a greater magnitude than the 
forward scatter from the collimators would have been, 
owing to their proximity to the phantom surface. The 
increases in output factor resulting from (i) and (iii) are 
the predominant components, with the decrease in 
output factor resulting from (ii) having less effect. The 
difference in output factors from open and blocked 
fields, shown in Tables I and Il, is greater for 18 MV 
photons than for 6 MV photons. This is probably due 
to a relatively higher forward scatter component off the 
blocks at the higher energy. 

With current treatment planning techniques, the aim 
is to give a patient dose within 5% of the planned dose. 
An error of up to 7.5% as a result of inaccurate output 
factors should therefore be avoided. [n practice this 
would mean having to calculate an equivalent square for 
every treatment field with blocks and then look up or 
measure an output factor for that field. This is imprac- 
tical for most radiotherapy departments and three 
methods of approximating the blocked output factor are 
now considered in order to avoid this. An analysis of 
patient data is shown in Fig. 6, in which the output 
factors calculated for the equivalent squares of the SFS 
(Fig. 6a) and the collimator jaw setting (Fig. 6b), 
looked up in the collimator output factor tables, are 
compared with the correct output factors for the 
blocked field. 

These graphs show that most treatment fields are 
blocked down to no less than 65% of the collimator 
setting. Using the OF, for the SFS gives a smaller 
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Figure 5. Output factors for open and blocked fields with (a) 6 MV and (b) 18 MV photons. [The curve Coll 5 cm shows the 
output factors when blocking a collimator field size of 5x 5 cm etc.] 
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output factor and hence a greater dose to the patient by 
up to 2.5% than if the OF, was used (Fig. 6a), 
confirming the measurements in the phantom. Figure 6b 
shows that using the OF, for the CFS, not the SFS, 
reduces the error to 1.2% in dose given to the patient. 

Using the larger CFS to calculate a value of OF, 
offsets the increased scatter from the blocked field, so 
reducing the error in dose given. Also evident from these 
graphs is the dependence of the results on the source-to- 
block-tray distance, the output factors for the Clinac 6/ 
100 being slightly different from those for the Clinac 
2100c. Lambert (personal communication, 1991) has 
suggested a modification of the OF, by the ratio of 
normalized peak scatter factors for the surface and 
collimator field sizes. This method also produces output 
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Figure 6. Patient data: percentage difference between output 
factors calculated using (a) OF, for SFS, (b) OF, for CPS, and 
(c) OF, for CFS modified by the normalized peak scatter factor 
ratio for SFS/CFS and measured values. 


factors that are within +2% of the correct values, with 
a tendency for 6 MV and 18 MV output factors to be 
too high and too low, respectively (Fig. 6c). 


Conclusion 

Output factors have been measured for symmetrically 
and asymetrically blocked fields and found to be up to 
7.5% greater than the output factors for the same SFSs 
defined by collimators. However, an analysis of patient 
data suggests that treatment fields are not usually 
blocked down to be more than 65% of the open field 
size. With this extent of blocking, the output factors can 
be sufficiently well approximated from the output factor 
for the CFS to within 1.2% of the correct value. 

The output factors calculated from the SFS, or from 
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the OF. of the CFS modified by à ratio of normalized 
peak scatter factors, lhe within 2.5% and 2% of the 
correct value, respectively. 

IT the blocked field size is less than 60% of the open 
field size, we recommend that an output factor should 
be measured for the particular block configuration, in 
order to avoid an error of between approximately 394 
and 7.5% in dose given using an open field output 
factor for the CFS or SPS. The OF, is dependent on the 
block-to-patient-surface distance, and should be 
measured for other treatment machines with different 
block-to-surface distances. The use of asymmetrical and 
multileaf collimators will certainly reduce the number of 
blocks needed to conform a field to a target volume, and 
hence the problem of additional scatter to the patient 
from the proximity of the blocks, but the challenge of 
output factor measurement for each field remains. 
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Abstract. Experimental microdosimetric methods have been used to determine absorbed dose values for a scanning dual-photon 
absorptiometer. Absorbed doses within the scanned field have been obtained for three different scanning speeds. For the normal 
speed setting used clinically, measurements have also been carried out in a water-filled phantom in order to estimate typical patient 
entrance, exit and midline doses. The results agree well with values obtained using thermoluminescence dosimetry and support the 
claims of the manufacturers with regard to upper limits placed on patient dose levels. The microdosimetric method enables 
changes in radiation quality to be followed and comparisons to be made with other low-energy photon fields used in medical 


diagnosis. 


In recent times, new dual-photon absorptiometers have 
become commercially available, enabling selected site 
and whole-body scans of bone density to be carried out 
in the clinical environment. These devices facilitate the 
study of bone mineralization in groups of patients 
suffering from conditions known to affect bone loss. As 
part of one such study recently carried out in Leeds, 270 
normal women between the ages of 20 and 80 years were 
scanned using a Lunar DPX scanner (Lunar, 
Madison-Wisconsin) in order to establish a set of 
control data for bone mineral density (BMD). 

In this paper we present data on the dosimetry of the 
scanner determined experimentally using microdosi- 
metric techniques. As an absorbed dose integrating tech- 
nique, microdosimetry is a suitable method for making 
measurements in a scanning beam and so can provide 
direct comparative data to more conventional thermo- 
luminescent dosimetry (TLD), which has an associated 
uncertainty in its response to low-energy photons 
(Delgado et al, 1987). Furthermore, although it is 
currently not considered helpful to allocate different 
quality factors to photon fields of different energy 
(International Commission on Radiological Protection 
(ICRP), 1990), nevertheless at the secondary electron 
interaction level, differences in quality do exist (Inter- 
national Commission on Radiation Units and 
Measurements (ICRU), 1986a). These differences are 
directly revealed in microdosimetric measurements, 
which can then be used as input data in radiological risk 
analysis of the type described by Brenner and Amols 
(1989). 


Experimental methods 


The DPX scanner (Fig. la) is based on the use of a 
cerium-filtered and highly collimated beam from an 
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X-ray generator operated at 76 kVp, in effect supplying 
a dual-energy photon beam with narrow energy bands 
centred about 38 and 70 keV (Lunar, 1988a) The 
X-ray tube and sodium iodide detector are scanned 
across the patient over a pre-selected field size. Three 
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Figure 1. (a) An end view of the Lunar DPX scanning dual- 
photon absorptiometer. (b) Schematic diagram of the micro- 
dosimetric measuring system with the  tissue-equivalent 
proportional counter positioned in the water-filled phantom. 
MCBI and MCB2 are the multichannel buffer cards and 
MCA/PC is a computer-based multichannel analyser. 
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Table IL Absorbed dose values and microdosimetric averages derived from data recorded with a tissue-equivalent proportional 
counter free-in-air at three different scan settings of a dual-photon-energy X-ray absorptiometer 




















Measurement Microdosimetric 

name Scan data Absorbed n averages 

(No. of scans) iab qii a Set Se prese Ses 
Speed Pixel Dose per scan Dose-rate yr Vo 
(mm/s) (mm) (uGy) (uGy/s) (keV/um) (keV/um) 

DPX! 1 (4) 38.4 1.2 12.9 47.3 1.59 3.20 

DPX2 (5) 76.8 1.2 6.4 47.0 1.58 3.18 

DPX3 (8) 153.6 2.4 1.6 46.3 1.60 3.19 

DPX4 (5) 38.4 L.2 13.0 47.7 1.58 3. 

DPX5 (5) 76.8 1.2 6.4 47.0 1.57 3.14 

DPX6 (5) 153.6 2.4 1.6 46.3 1.57 3.17 





scanning speeds are available. For the slow and medium 
scanning speeds the incremental step between each scan 
line is 1.2 mm and for the fast speed the step is 2.4 mm. 
Table I lists the linear velocities of the beam for the 
three settings. Differential absorption between the 
higher- and lower-energy photons provides the raw data 
for mapping out the bone density in the scanned field. 

The microdosimetric measuring system employed in 
the investigation is shown schematically in Fig. 1b. The 
tissue-equivalent proportional counter (TEPC) used was 
a commercially available 4 inch. Rossi counter (Far 
West Technology, Goletha, California) filled with 
propane-based  tissue-equivalent gas. Most of the 
measurements were carried out with the counter gas 
pressure set such that the TEPC simulated a unit density 
site size of 2 um, a few measurements being carried out 
at a 10 um site size. Signals from the proportional 
counter were recorded using two amplifiers with a gain 
factor of 10 between them and two multichannel buffer 
cards (EG&G Instruments). In this manner the 
complete range of pulse heights from the TEPC can be 
corded in the form of two subspectra, which are 
subsequently joined, as part of the data analvsis, to 
form a single microdosimetric event-size spectrum. The 
two multichannel buffer cards are part of an integrated 
pulse-height analysis and microcomputer system 
enabling full analysis of the microdosimetric data at the 
site of measurement. 

After calibration of the TEPC, by means of an 
internal ““Cm alpha source depositing a known amount 
of energy, the pulses from the TEPC are scaled in terms 
of imparted energy and the absorbed dose can be 
obtained by integration of the measured pulse height 
spectrum. In effect this is a measurement of the 
absorbed dose on an event-by-event basis where in this 
context an event is the deposition of energy in the tissue- 
equivalent counter by a single interacting electron that 
has been generated in the counter wall or gas cavity by 
the primary X-ray field. 

The scan dimensions were set up by placing lead 
markers above and below the TEPC and observing the 
image on the DPX output monitor. Field sizes 5 cm by 
10 cm ensured that the TEPC was completely scanned. 
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In the study, two sets of measurements were carried 
out with the TEPC free-in-air and with the DPX oper- 
ated at three different scanning speeds. Measurements 
were also made with the DPX operated at the medium 
scanning speed and the TEPC placed at three different 
depths in the trunk section of a Bush phantom filled 
with water. A Bush phantom consists of hollow circular 
and elliptical polythene cylinders simulating the various 
regions of the human body (Bush, 1946). This set of 
measurements provided an estimate of patient entrance, 
midline and exit doses. Further measurements were also 
carried out in the phantom with the TEPC operated 
with a 10 um simulated diameter. 


Results 

Table I provides the free-in-air absorbed doses and 
microdosimetric averages derived from the measured 
event-size spectra, an example of which is shown in 
Fig. 2. The microdosimetric spectra recorded for the 
three different scan settings were found to be identical 
and so only the spectrum for the medium speed is 
shown. For presentation purposes it is usual for the 
TEPC pulses to be scaled in terms of lineal energy, y, 
which is the imparted energy divided by the mean chord 
length of the TEPC simulated site and has the units of 
keV/um. The recorded pulse-height spectrum from the 
TEPC is then displayed as the fraction of the absorbed 
dose per logarithmic interval of lineal energy. In this 
format, equal areas under the spectrum represent equal 
contributions to the absorbed dose (ICRU, 1986b) and 
the event-size spectrum is known as a dose distribution. 
Microdosimetric spectra can be characterised by two 
average quantities, the frequency mean, Yp, and the dose 
mean, yy. The frequency mean is the first moment of the 
measured event-size frequency spectrum and the dose 
mean is the first moment of the recorded data converted 
to a dose distribution. Both these quantities are used to 
express the average microdosimetric quality of a radia- 
tion field. 

Table II provides à summary of the dosimetric data 
obtained from the phantom measurements that were 
carried out at the medium-scan-speed setting. Also 
shown in Table I] are the dosimetric data derived from 
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measurements carried out in the phantom at the beam 
entrance and exit with a 10 um TEPC simulated 
diameter. 


Discussion 

Examination of Table I shows that for the two inde- 
pendent sets of measurements made, the dosimetric 
results are in good agreement. 

For a stationary beam the absorbed dose to a layer of 
uniform density and unit thickness will be given by the 
intrinsic dose-rate of the beam D, multiplied by the time 
of exposure. For a scanning beam, however, during an 
identical time interval, the same imparted energy is 
deposited in a much larger mass and therefore the 
absorbed dose, Dan in a scanned field will be less by a 
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Figure 2. Microdosimetric event size 
spectrum yd(y) giving the absorbed dose 
fraction per logarithmic interval of lineal 
energy y for a measurement made free-in- 
air at the position of the couch top and 
for a TEPC 2 um simulated. diameter. 
Equal areas under the curve represent 
equal dose fractions. 


| Enter ee NUN ema a 


factor given by the ratio of the beam area, A,, to the 
total scanned area A,.,,, thus: 


D o v D x tas X GL aa) 


For a fixed scanning speed the beam sweeps out equal 
areas of field in equal time intervals, so D,,, will be the 
same everywhere within the scanned field although the 
total imparted energy to the patient does of course 
increase in direct proportion to the field size scanned. As 
Aan i$ proportional to the scan velocity and scan time, 
the dose per scan will, for a fixed pixel size, be inversely 
proportional to the scan velocity. This is seen to be the 
case in Table I. 

Using the relation between the dose per scan and the 
intrinsic beam dose-rate given above, the beam dose- 


Table Il. Dosimetric and microdosimetric quantities derived from measurements made with a tissue-equivalent proportional 
counter using two different simulated diameters in a water phantom scanned by a dual-photon-energy X-ray absorptiometer 
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Measurement data Scan data 
Name Position o No Speed 
(um) (mmis s) 

DPX7 ENT 2 5 76.8 
DPXS$ ML 2 $ 76.8 
DPX9 EX 2 10 76.8 
DPX10 ENT 10 6 76.8 
DPX1I EX 10 18 76.8 


ENT = entrance, base of phantom: 17 cm depth in water. 


ML = midline, centre of phantom: 8.5 cm depth in water. 


Microdosimetric 


Absorbed dose averages 


EX = exit, surface of phantom: centre line of counter at zero depth. 
$ Tissue-equivalent proportional counter simulated unit density diameter. 
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Pixel Dose/scan Dose rate — Ye ?n 
(mm) QGy (uGy/s) (keV; um)  (keV/um) 

Py 7.4 54.3 1.63 3.04 

1.2 1.9 13.9 1.50 2.99 

b2 0.36 2.64 1.45 54 

1.2 T4 52.8 1.06 

b 0.43 3.16 0.99 
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rate can be determined from the measured scan doses. 
The ratio (4,,,/4,) has been estimated from the DPX 


Shi 


manufacturer's data concerning the beam size and, for 
the field sizes used, is 396.3. Derived beam dose-rates 
are given in Table I and to within less than 2% a 
constant value is found, as should be the case for a 
machine parameter independent of the selected scanning 
velocity. 

At the edges of the field the beam is almost stationary 
as it increments forward before commencing the next 
line. Therefore at the field edges the dose-rate will be 
higher than the scan dose and will approach that of the 
intrinsic beam dose-rate. 

The microdosimetric event-size spectrum corre- 
sponding to the free-air measurements is shown in 
Fig. 2. Although the beam is composed of two principal 
photon energies around 70 keV and 38 keV, because of 
the change in proportion of photoelectric effect to 
Compton scattering that takes place between these two 
energies, the mean energy of the secondary electrons 
produced in tussue-like materials remains almost the 
same for the two energies at around 12 keV. At these 
energies and for a 2 um simulated diameter, the elec- 
trons are mostly crossing the counter and the device still 
behaves as a good lineal energy spectrometer with a 
peak in the event-size spectrum at round 3.9 keV/um. 
This is in agreement with that found with other 
measurements recorded in this range of photon energies 
(Schmitz et al, 1989). The constancy of the microdosi- 
metric averages for the various scanning conditions 
shown in the final columns of Table I is a consequence 
of the similarity between the measured spectra and 
indicates no change in the beam microdosimetric 
quality. 

As the beam passes through a phantom the propor- 
uon of the 70 keV X-ray energy peak changes from 
about 20% to 60% of the total influence (Sorenson 
et al, 1989). However, as discussed above, the mean 
secondary electron energy does not change significantly 
and therefore the microdosimetric spectra for the in- 
phantom measurements are the same regardless of 
depth of measurement. Comparison of the microdosi- 
metric averages for the 2 um measurements in Table II 
shows that the beam quality is indeed the same as for 
the free-air measurements. The absorbed dose per scan, 
however, is reduced by a factor of around 20 as one 
moves from the beam entrance to the exit on the (ar side 
of the phantom. It is interesting to note that the dose 
per scan at the phantom entrance is higher than that 
recorded in air for the same speed by around 1494, 
owing to the presence of scattering material above the 
point of measurement. 

In previous work carried out to investigate the energy 
response of the TEPC to measure absorbed dose at low 
photon energy (Evazi, 1990), it was seen that with a 
10 um simulated diameter the TEPC had a marginally 
flatter energy response than with a 2 um site size. This 
prompted the measurements to be made at 10 um, and 
these. were found to be in very good agreement with 
those given for the 2 um simulated diameter. 
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Conclusions 

The objective of the work reported in this paper has 
been to investigate the application of a tissue-equivalent 
proportional counter and microdosimetric technique to 
the dosimetry of a dual-photon absorptiometer 

The scan absorbed doses agree well with TLD dosi- 
metry carried out by hospital radiation protection staff, 
who measured scan doses of between 8 and 9 uGy for 
eight measurements at the medium speed. These 
measurements were made at the base of an aluminium 
spine phantom set in a block of wax, and so correspond 
most closely with the measurements reported here for 
the phantom entrance dose. The recorded doses-per- 
scan are significantly lower than the DPX manufac- 
turer's data of upper limits: 15 uGy for the medium 
speed, 30 uGy for the slow speed and 5 uGy for the fast 
setting (Lunar, 1988b). 

The measurement of dose using microdosimetric 
methods has the advantage that changes in radiation 
quality can be followed and comparisons made with 
other applications of low-energy X rays in medicine. A 
comparative quality factor to that of mammography 
X rays can be derived in the manner suggested by 
Brenner and Amols (1989) and discussed by Waker and 
Marco (1991), by incorporating the ICRU 40 quality 
factor versus lineal energy function (ICRU, 19862) into 
the measured event-sized spectra. Quality factors 
derived in this way are 1.18 and 0.88 for the mammo- 
graphy beam and DPX beam, respectively. 
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Abstract. 


Leeds Test Object TOR[MAM] has been designed to supplement the current FAXIL mammography test object 


TOR[MAX]. It contains a range of details that have a more natural radiographic appearance and has been designed as a test that 


more closely approximates the image quality achieved in clinical mammography 


Physical aspects of the design and 


implementation of TOR[MAM] are presented. The TOR[MAM|] has been used in a preliminary physical evaluation of the 
comparative image qualities produced by conventional (screen-film) and photostimulable phosphor computed mammography and 
the results are discussed. TOR|MAX] results are also presented. The influence of digital image processing (enhancement) on the 
image quality of computed mammograms is also considered. The results presented indicate the sensitivity of TOR[M AM]. 


In 1987 FAXIL developed a test object TOR[MAX] to 
coincide with the launch of the Forrest screening pro- 
gramme (Cowen & Coleman, 1990). This test object was 
designed to address the basic aspects of mammographic 
imaging performance and meet the needs of commis- 
sioning trials, acceptance inspections and routine 
quality control. This test object contained test patterns 
and details required to measure grey-scale rendition, 
high-contrast spatial resolution and both large and 
small area detail detectability (see Fig. 1) (Cowen et al, 
1988). The device was designed as a calibrated test 
device that could be accurately reproduced in large 
numbers. This was an important aspect of the design, as 
the Pritchard Committee Report on Quality Man- 
agement in the Screening Programme (Pritchard, 1989) 


emphasized the need for a uniformly high standard of 


performance across the whole country. The screening 
programme is now well established and therefore the 
emphasis on quality control is expanding to cover the 
overall chnical aspects of image quality management. 
FAXIL has recently developed a new type of mammo- 
graphic test object that may help to satisfy some of these 
requirements whilst continuing to satisfy the recommen- 
dations of the Pritchard Committee. The TOR[MAM] 
can be used to supplement (not replace) the current 
FAXIL mammography test object TOR[MAX]. It 
contains test details that have a more “natural” appear- 
ance aimed at more closely approaching the conditions 
pertaining during a real mammographic examination. 
The design and initial applications of the TOR[MAM] 
are described below. The designation TOR denotes the 
test object is also intended for application in routine 
quality control. This implies a simple design with limited 


complexity such that the test images can be assessed 
quickly and conveniently in the field. 

It is generally intended that TOR[MAX] be used to 
provide quantitative information for quality control 
purposes, whereas TOR[MAM] is designed to provide a 
qualitative result based on details more closely repre- 
senting genuine clinical features. In this way 
TOR[MAM] is more suited for use by clinical staff 
rather than the physics/technical staff required for 
TOR[MAX]. The two test objects in conjunction should 
cover most aspects of mammographic quality control, 
satisfying both clinical and technical demands. 

TOR[MAM] was developed for internal purposes to 
support a preliminary investigation into computed 
radiography in mammography; it was also simul- 
taneously developed as a routine quality control test 
object. This paper presents the results of the preliminary 
investigation, which indicates the sensitivity of 
TOR[MAM| to different image modes. 





Figure 1. Conventional film of TOR[MAX] acquired at 28 kV. 
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Figure 2. Detail layout of Leeds Mammographic Test Object 
type TOR[MAM]. 


Design of TORIMAM| 

TOR[MAM| comprises a D-shaped Perspex container 
divided into two sectors and includes three types of test 
details (see Figs 2, 3). The test plate is used in conjunc- 
tion with a stack of three 1 cm thick Perspex plates, 
which provide the base attenuation of the radiation 
beam, and also introduce scatter and geometric 
unsharpness effects. The thickness of Perspex in 
TOR[MAM|] itself is 1.1 cm giving a total of 4.1 cm 
base attenuation. The average compressed breast thick- 
ness for the purposes of quality control recommended 
by the Institute of Physical Sciences in Medicine (IPSM) 
Report 59 (1989) is 4.5 cm. The amount of Perspex 
necessary to simulate the effects of 4.5 cm of tissue is 
4.15 cm (Dance, 1990). Therefore, TOR[MAM] plus the 
base plates closely represents the average compressed 
breast in physical imaging terms. The image quality is 
assessed by subjective review of the detectability/ 
visibility of large-area, low-contrast circular details, 
low-contrast filaments and groups of pseudo microcalci- 
fications from which an "image quality score" can be 
derived. The main physical factors involved in image 
quality assessment are grey-scale rendition, unsharpness 
and noise. These are determined by the physical charac- 
teristics of the mammography system (X-ray spectrum, 
focal spot size, exposure factors, etc.) together with 
those of the image detection device (characteristic curve, 
modulation transfer function (MTF), Wiener spectrum, 
etc.). These factors act, individually or in conjunction, 
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Figure 3. Photostimulable phosphor computed mammogram of 


Leeds TOR[MAM|]: 
64 mAs 


test image acquired at 28 kVp and 


to influence the visibility of the various test details in 
different ways and to different degrees. The accumulated 
detail-visibility scores provide a convenient measure of 
overall image quality. The full detail specifications are 
presented in Fig. 4. The three types of test details are 
each presented in an array of six groups denoted A, B. 
C, D, E, F. In general, detail visibility diminishes from 
Group A through to Group F. 


Low-contrast details 

The low-contrast details provide a subjective test that 
is different from the standard FAXIL layout used in 
TOR[MAX], i.e. rows of single details regularly spaced 
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Figure 4. List of test details used with TOR[MAM], 
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and decreasing progressively in contrast. The new 
arrangement includes three details at each subject 
contrast placed at different locations, thereby reducing 
the spurious results that can occur if noise artefacts 
happen to coincide with a single detail close to the 
threshold of visibility. There are six contrast values, and 
the details are arranged in six groups, each containing 
three details of differing contrast. 

The low-contrast details in TOR[MAM] comprise 
circular discs 3 mm in diameter made of plastic of six 
thicknesses producing six contrast values. The nominal 
X-ray contrast at 28 kVp using a molybdenum anode 
X-ray tube with 0.03 mm Mo tube filtration are 4%, 
395. 29$, 1.5%, 1%, 0.5%. These details approximate 
the mean size of detail recommended by Kimme-Smith 
(1989) of 2 mm to 5 mm diameter, but are significantly 
lower in contrast than their suggested levels of 8- 12%. 
This is in order to provide test contrasts overlapping the 
threshold of visibility for details on a uniform 
background. 


Filaments 

The low-contrast filaments are laid out in a fixed 
pattern comprising details at three orientations. It is 
important to position the test filaments in a number of 
directions, as their visibility can vary with their orien- 
tation with respect to the anode-cathode axis, owing to 
differences in the dimensions (length: width) of the 
X-ray focal spot projected at different points within the 
image field. The filament groups are arranged so that 
the finest details lie closest to the central axis where the 
focal spot size is smallest. It is claimed that differences in 
the Mach effect (Lane et al, 1976) can also influence the 
relative visibility of filaments (see Kimme-Smith, 1989) 
but this is unlikely to be significant in TOR[MAM] 
because of the comparatively low contrasts of the fila- 
ments. The filaments comprise lengths of monofilament 
material with a range of six diameters as follows: 0.4, 
0.35, 0.30, 0.25, 0.225, 0.20 (mm). For each diameter, 
four filaments 10 mm long are arranged so that they lie 
parallel, perpendicular and at 45^ to the anode-cathode 
axis of the X-ray tube. Since the visibility of filaments 
may be dependent on their orientation, the filaments 
should be examined individually and not simply as a 
group of four. 


Particles 

The particles (pseudo-microcalcifications) are made of 
a calcium-based mineral substance. Several particles 
comprise each individual test group, simulating a cluster 
of microcalcifications. The particles are of irregular 
shape and are graded into the following ranges of 
size (um): 354 to 224, 283 to 180, 226 to 150, 177 to 106, 
141 to 90, 106 to 63. 

The actual figures denote the upper and lower limits 
of sizes in each group and not the actual particle size. 
The size ranges are based on the test sieves used to grade 
the particles; these sieves satisfy the international test 
sieve standard ISO 565 and 3310/1 for accuracy and 
regularity of layout. In order to verify the upper limits 
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of the size ranges, random samples of particles were 
measured using a Vernier microscope. 


Breast tissue morphology 

One half of the test object was designed to simulate 
the appearance of breast tissue and is constructed from 
a material chosen for its malleability, physical stability 
and non-degradability. /t must be noted that we do not 
claim that this pseudo-breast structure is tissue-equivalent 
either in the radiological or anatomical sense. This 
feature has been included in an attempt to simulate the 
noise contribution of breast morphology itself to overall 
image quality. Responses from the consultant radiolo- 
gist involved with this work indicate that the result 
obtained does achieve this. The authors believe that 
testing mammographic imaging performance exclusively 
under homogeneous (featureless) imaging conditions 
may lead to an overestimation of the minimum detail 
visibility compared with that found in practice. In 
clinical mammography, anatomical structure noise adds 
to that of the external (physical) noise process and the 
internal (visual) noise mechanisms of the observer. The 
amalgam of these various contributions of noise power 
set the ultimate limit to the level of detail conspicuity. 
Clearly, anatomical structure noise will vary from breast 
to breast and exhibit a wide diversity in texture, shape, 
intensity, etc. [n this test object we have attempted to 
address this important aspect of mammographic image 
quality. Six further groups of microcalcifications have 
been placed within this test area. These groups have the 
same specifications as those used in the upper (homo- 
geneous) half of the test object but are distributed 
pseudo-randomly and not in an arc-shaped pattern. The 
other features (fibres and low-contrast details) have not 
been included in this section in an attempt to simplify its 
use. Although this section is constructed with exactly 
the same amount of material, packed into the same 
volume and laid down the same way in every test object, 
some variation in the resultant structure is inevitable. 
However, extreme care is taken to ensure that the 
particle clusters are always placed in similar areas in all 
devices. It is emphasized that this area is intended to 
give a quick subjective impression of image quality and 
not a measurable result. 


Background density measurements 

Two areas, Bl and B2, indicated in Fig. 2 are for the 
measurement of the background density to allow 
control between films. 


Implementation of TORIMAM] 

The TOR[MAM] was originally developed for 
internal purposes to support a preliminary investigation 
of the image quality of mammograms produced by a 
photostimulable phosphor computed radiography (CR) 
system. This installation comprises a Philips Graphics H 
Compact (7000 Series) CR system employing third- 
generation Fuji high-resolution storage phosphor 
screens. This system is operated in conjunction with a 
Philips Diagnost UC mammography unit. The X-ray 
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unit underwent a rigorous commissioning trial, which 
included checks of radiographic exposure factors, auto- 
matic exposure control and focal spot dimensions prior 
to the study. These aspects of performance all fell within 
acceptable operating limits (Department of Health, 
1990). A Fuji MA screen cassette combined with Fuji 
MI-NH film was used as the reference screen/film system 
in this study. 12 each of CR and film/screen test images 
of TOR[MAM] were acquired. In all cases radiographic 
exposure factors were set at 28 kVp and 60 mAs to 
ensure an identical image receptor entrance exposure. 
All films were processed in a Kodak M8 automatic film 
processor using a standard 90 s development plus fix 
cycle and a development temperature of 34°C. All the 
CR images were archived on an optical disk store using 
(2:1) reversible image data compression. The CR test 
images were reviewed from laser-printed hard-copy 
films (soft-copy assessment of CR images from the 
display workstation (DMS 20) will feature in a follow- 
up study). In order to ensure reproduction of the CR 
images at full spatial resolution (2370 x 1770 pixels), 
hard-copy images were presented using the single-image 
format, rather than the more familiar default presen- 
tation of two images, one normal “‘film-like” image and 
one more heavily enhanced image. The single-format 
hard-copy images are essential for mammography as it 
is only then that the image data are reproduced at full 
spatial resolution. The spatial resolution limit of the CR 
system is 5 cycles/mm compared with the 15 cycles/mm 
exhibited by the screen-film combination. 

The computed mammographic images undergo 
digital image enhancement prior to display/hard copy. 
The image processing environment used in the CR 
system comprises a set of routines to manipulate image 
contrast rendition (using grey-scale look-up tables) and 
spatial-frequency filtering using the unsharp mask tech- 
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Figure 5. The MTFs of the CR system for 
default, IPI and IP2 image processing 
selections. 
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nique (the algorithm has been fully described by Tateno 
et al (1987) and Blume (1986)). The latter can be tuned 
to one of 10 spatial frequency selections to enhance 
preferentially details of specific ranges of size; this is 
achieved using a parameter R,(i) where i = 0 — 9). The 
manufacturer provides a default image processing 
routine, which is applied to all mammographic images. 
The image processing can be adjusted subsequently at 
the DMS 20 to produce a user-defined presentation 
prior to hard-copy. A series of test hard-copy images 
were produced, firstly using the default image processing 
setting and then with two variants selected by the 
authors. The two variants are denoted IP] and IP2. IP] 
was a slightly modified version of the default setting, 
which was developed to improve the apparent sharpness 
of the CR images without materially changing the grey- 
scale rendition. Essentially IP1 features an unsharp 
mask tuned to a higher spatial frequency (R, = 6) 
rather than the standard (R, = 5). The degree of spatial 
frequency enhancement was also increased using the 
parameter R, from the default setting of R, = 1 to 
R, = 2 (the full range of R, is R, = 0— 16). It must be 
stressed that IP1 had been developed to improve the 
aesthetic quality of the image, in particular the 
presented sharpness of microcalcifications. IP] was 
included in the study following a subjective ranking 
study on a number of image processing options. 
Subjectively, the radiologist much preferred IP1 to the 
default setting. 

IP2 was included in the study as previous work had 
indicated that this option offered the greatest contrast 
detectability. The IP2 selection (R, = 0) provides signal 
enhancement over a wide band of spatial frequencies. 
The equivalent MTFs of the three CR image processing 
options (the default, IPI and IP2) are reproduced in 
Fig. 5 (see also Blume, 1986). 
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Table I. Score sheet used with TOR[MAM|] 
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The four sets of test images, one standard film and 
three CR hard copy (default, IPI and IP2) were 
evaluated by five observers. One observer was inexper- 
ienced in viewing test object images while another was a 
consultant radiologist with many years experience in 
reading mammograms; the other three observers were 
experienced in viewing test objects. The test images were 
presented in random order and viewed in four batches 
of 12 images, three from each of the four modes. At the 
outset of the study all observers underwent a training 
session using a representative. batch. of 12 images. 
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Images were viewed in subdued background lighting 
and a x2 magnifying lens was provided to improve 
visualization of the particles and fine filaments. 

For each test film, individual test details were exam- 
ined and given a detail visibility rating according to the 
following criteria: 


Detail not visible score 0 
Barely visible/at threshold score ] 
Faintly visible score 2 
Clearly visible score 3 


A standard score sheet (see Table I) was used to record 
the results. The accumulated score for all details 
provided a measure of "overall" image quality. 


Results and discussion 

The results of the study are summarized in Table II, 
which presents the mean and standard errors of the 
accumulated scores from the 12 films in each category 
averaged over all five observers (n — 60). The equiva- 
lent mean and standard error for each of the types of 
details are also presented. Using TOR[MAM] we found 
that the default image processing produced a signifi- 
cantly lower score than screen-film mammography. 
This was reflected in inferior scores for all types of test 
detail. Although IP! presented images in an aestheti- 
cally more acceptable way, no material improvement in 
detail visualization was discerned compared with the 
default setting. IP2, on the other hand, produced a 
significant improvement in overall contrast and detail 
visualization, such that the total score approached that 
of screen-film mamography. IP2 did not however, 
materially improve the visualization of the calcification 
particles, which remained inferior to conventional 
mammography. It should be noted that the number of 
groups of particles detected in the simulated breast 
structure (Le. number of scores of unity or greater) was 
almost identical in screen-film mammography and CR. 
Specifically, on film an average of 41 clusters were 
correctly located, for the default setting the number of 
correct locations was 41, for IP1 42 and IP2 40. This 
result closely agrees with the findings of Oestmann et al 
(1989) who reported that the ROC detectability of 
groups of microcalcifications is identical in standard and 
computed mammography. Our TOR[MAM]}] study indi- 
cates that provided the image data are displayed in an 
optimum manner through the use of appropriate image 
processing, the image quality of CR mammography 


Table II. Results of the study including mean scores plus standard errors (n = 60) accumulated for all observers and for each type 


of test detail 





Feature Film Default CR CR IPI CR IP? 
Fibres 41.67 -- 1.20 39.02 -- 0.99 39.74 + 1.00 40.76 4- 0.97 
Particles 12.36+0.16 IL.11I 0.15 11.23+0.17 11.25+0.16 
Contrast 28.18 +0.71 27.15+0.66 26.75+0.61 28.75-40.61 
7716+ 1.26 77.68 + 1.57 81.93 + 1.17 


Total 82.28 £ 1.56 





Errors indicated are + standard error (absolute). 
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approaches that of a screen-film technique of equivalent 
radiographic speed. 

All observers produced a pattern of response similar 
to that of the accumulated mean; this can be seen in the 
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( Figure 6 continues overleaf} 


(b) 





(c) 


individual observers’ scores (Fig. 6a-e) The mean 
response of each observer did, however, vary widelv (for 
the film-screen presentation one observer scored a mean 
of 105.5 while another observer scored 63.58). 
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Mechanisms to control this variation are being investi- — Table ITI. Results for TOR[MAX] films. All TOR[MAX] films 
gated by the authors. Clearly, if test objects such as were obtained in exactly the same way as the TOR[MAM] 
TOR[MAM] are to be used to compare image quality films 

measured by different observers, the results must be 
treated with great care. We also recommend that control Feature Film Default CR CR IP! CR IP2 
ülms-shonid always be included many Dromdümmeo[ Co PU oae e pd esu ee 
image quality assessment using TOR[MAM |]. A control 





Mean background 1.43 — 1.32 1.32 1.32 
density (OD) 


film is one that has been viewed by each observer and is High density test 198 77 L77 1.98 
then introduced to each viewing session in order to point (OD) 
allow the observer to recalibrate their scoring criteria, ^ Base + fog (OD) 024 028 0.28 0.24 
Despite the wide differences in subjective results — Contrast index 070 0.33 0.52 0.76 
between observers, the same overall pattern of response — Visual contrast 0.10 — 0.06 0.05 0.08 
showed through with IP2 always producing the best RHS grating 120 5.0 5.0 5.0 
score for CR. (cycles/mm) 

Images of TOR[MAX] obtained in exactly the same we grating 143 — 50 5.0 5.0 
way as for TOR[MAM] were also considered. The  , 'CYecesmm) | 

i | ] n Low-contrast 3.0 2.6 2.6 2.6 


images were examined as recommended by Cowen et al 
(1988) with the results shown in Table HI. It can be seen 
from these results that there is no difference between CR 
images with regard to the high-contrast bar patterns, Al density measurements (OD) were measured on a MacBeth 
with CR giving an estimated limiting resolution of 5 densitometer. 


grating 
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cycles/mm, against a limit of 12.0/14.3 cycles/mm for 
film. It was only possible to estimate the limiting resolu- 
tion of the CR images using the Hüttner high-contrast 
resolution test pattern owing to aliasing artefacts. The 
low-contrast bar patterns produced a limiting resolution 
of 2.6 cycles/mm for all CR images against a limit of 
3.0 cycles/mm for film. With regard to the optical 
density measurements, it is shown that although the 
background density for all CR images did not change, 
there was an overall increase in contrast for IP2. There 
was also a slight difference between default and IPI 
images, but only IP2 approached the results for film. It 
is therefore concluded that the TOR[MAX] results 
presented correlate closely with the results obtained 
using TOR[MAM|, indicating that TOR[MAM] is a 
valid clinical companion for the technical TOR[MAX]. 

This (albeit limited) study illustrates the important 
and subtle influence of digital image processing on detail 
visualization. Much more work is required to define 
ngorously the physical quality of PCR images and 
identify the digital image processing algorithms that 
optimize information transfer to the observer. Studies of 
these subjects represent fundamental elements of our 
current programme of investigation in computed 
mammography. 
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A manual afterloading technique for the treatment of patients with bronchial 


carcinoma using iridium-192 wire 
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The difficulties of effective palliative treatment of 
patients with bronchial and oesophageal tumours have 
long been under consideration. For a brachytherapy 
technique the generally accepted way to treat such 
patients is using a remote afterloading machine such as 
the Mico-Selectron and some early results have already 
been reported (Burt et al, 1989). In the absence of 
funding for such a machine we have developed a tech- 
nique for manually inserting a single iridium wire, 
mounted in a dual-catheter system, through a mini- 
tracheotomy tube. This treatment has been facilitated 
by the recent availability of high-specific-activity iridium 
wire (up to 370 MBg/cm). 


Technique 

A week prior to the planned insertion date, the 
patient is reviewed at bronchoscopy. Here a specially 
constructed catheter of alternate 1 cm lengths of radio- 
opaque wire and coloured plastic marker thread is 
passed down the bronchoscope in order to make an 
assessment of the length of the tumour, and hence the 
length of indium wire required. If possible, this is 
assessed visually through the bronchoscope, but may be 
performed radiographically if necessary. 

Prior to the insertion, a nylon catheter 1s sealed at one 
end (diameter ~ 1.6 mm) and cut to a suitable length 
ready for the insertion. Two inner catheters (diameter 
~ 0.85 mm) are cut to 4cm longer than the outer 
catheter and marked such that it is quite clear when the 
inner catheter is pushed fully into the outer. The outer 
catheter is visually marked to indicate where the indium 
wire will eventually lie, and this can be viewed through 
the bronchoscope. 

One of the inner tubes is loaded with | cm of 
coloured marker thread, followed by the predetermined 
length of iridium wire, and then more marker thread in 
the remaining length of the catheter. Both ends of the 
catheter are crimped with the non-active end being 
crimped so as to fall within the length of the outer 
catheter when inserted. The second inner catheter is 
then loaded in exactly the same configuration, but using 
non-active iridium-192 wire, to form a dummy source 
train for checking purposes. 

A schematic diagram of the catheter system is shown 
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in Fig. l. The inner catheter containing the predeter- 
mined length of iridium wire and marker thread is 
contained within the outer catheter. The outer catheter 
is passed through a specially constructed screw collet, 
which is attached to the tapered end of the mini- 
tracheotomy tube. When the screw collet is tightened it 
grips and retains the outer catheter but allows the inner 
catheter to pass freely through it. Once the inner 
catheter has been inserted, it is cut off flush with the end 
of the outer catheter. An end-stop locking device is fixed 
over the ends of both catheters effectively sealing them 
and preventing any relative movement between the two. 

At insertion the patient is given a general anaesthetic 
in the endoscopy suite and the mini-tracheotomy is 
performed. The advantage of insertion through the 
tracheotomy tube is that the iridium wire catheter does 
not pass through the oral or nasal passages. thus the 
patient is able to breathe, and to eat and drink normally 
during the treatment. Also, the catheters themselves can 
be made relatively short and with fewer bends, thus 
facilitating the insertion procedure. 

The screw collet is attached to the end of the mini- 
tracheotomy tube and the outer catheter is threaded 
through it. It is guided into the correct lobe and to the 
correct position using the bronchoscope and the visual 
marker. When the correct position is reached the screw 
collet is tightened so that it grips the catheter and retains 
it in position. A visual check along the length of the 
catheter is made using the fibre-optic bronchoscope to 
ensure that there are no kinks and that the catheter is in 
the correct position. 

The dummy inner catheter containing the non-active 
wire is inserted, and is known to be in the correct 
position when the end mark is level with the end of the 
outer catheter. Any problems encountered can be recti- 
fied at this stage without the hazards of the active wire. 
Once the dummy catheter has been successfully inserted 
with no problems it is then withdrawn, and the active 
catheter is immediately inserted in its place. When the 
inner catheter is fully in position, the end of the inner 
catheter is cut off flush with the end of the outer 
catheter. The end-lock is fixed over the ends of both 
catheters and tightened. The excess external tubing can 
then be taped to the patient's shoulder out of the way. 
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Figure 1. Schematic diagram of the catheter system. 


On recovery, the patient is returned to the ward and 
nursed subject to the usual precautions for radioactive 
insertions. 

At removal of the wire, which is carried out on the 
ward, the end-lock is unscrewed, the end of the inner 
catheter containing the iridium is grasped using forceps 
and withdrawn. The wire is immediately placed in a 
portable lead safe. After suitable monitoring the outer 
catheter is removed and disposed of, followed by the 
mini-tracheotomy tube. The insertion wound is dressed 
and the patient is discharged. The wound closes of its 
own accord in a few days. 


Discussion 

To date, we have treated a total of 18 patients using 
this method. With one exception all patients have toler- 
ated the treatment remarkably well. The exception was a 
young girl whose cough reflexes were such that the 
catheter had to be removed after several hours. Each 
patient has received a dose of 40 Gy specified at 1 cm 
radius from the centre of the iridium wire. Typical 
lengths of wire have been of the order of 4.5-8.0 cm to 
treat tumours 3.5-7.0 cm in length. This has led to 
treatment times of between 1.5 and 2 days using the 
highest activity wire available (370 MBq/cm or 
10 mCi/em) or 3.0-3.5 days using wire of activity 
185 MBq/cm (5 mCi/em) (supplied by Amersham 
International plc in 50 cm coils). In the early stages we 
were concerned that the patient would not tolerate the 
wire in situ for extended periods, and therefore our aim 
was to reduce the treatment times by using the highest- 
activity wire available. However, because the technique 
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has proved so successful the necessity for the highest- 
activity wire is not so acute as was originally thought. 
There is probably an optimum activity of wire of 
~ 240 MBq/cm (6.5 mCi/cm), which would give a treat- 
ment time of approximately 50-55 h but would ensure 
that extremity doses to staff were kept to a minimum. 

Because of the high specific activity and the half-life 
of iridium (74 days), we have found it possible to treat 
several patients from one coil of wire, treating one new 
patient each week. This makes this form of treatment 
very cost effective. Indeed, the cost of equipment per 
patient has averaged out at about £90 combined with 
only a 3-night stay in hospital. This compares very 
favoui ibly with repeated laser surgery. 

The disadvantage of any manual loading brachy- 
therapy technique is, of course, the doses received by 
staff involved in the procedure. We have carried out 
whole-body film-badge monitoring and extremity ther- 
moluminescent dosemeter (TLD) monitoring for all 
personnel involved. The whole-body doses to all staff 
have been negligible; the average extremity doses are 
detailed in Table I. The average dose received by the 
clinician at insertion is 0.42 mSv. The average total dose 
received by the physicist at insertion and removal is 
0.31 mSv, whilst the extremity finger doses during 
loading are, on average, 1.28 mSv per physicist per 
insertion. It is also our normal practice to involve at 
least two physicists so that doses can be spread between 
staff. The monthly pro rata extremity dose limit for a 
non-classified worker is 12.5 mSv and hence it is 
normally possible to keep doses to well below half of 
this limit even with a maximum workload of one patient 
per week. 
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Table 1, Average TLD extremity doses 








Physicist Clinician 
Loading 1.28 mSv — 
insertion and removal 0.31 mSv 0.42 mSv 
Tota! 1.59 mSv 0.42 mSv 
Conclusions 


The major disadvantages to this treatment technique 
are two-fold. First, the patient has to undergo a general 
anaesthetic and two routine bronchoscopy procedures 
in the space of a week, with attendant risks, and, 
secondly, there is the radiation exposure to associated 
staff primarily at loading and insertion. With regard to 
the second part we are confident that doses received are 
well within acceptable limits as indicated above, 
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We therefore offer this technique as a low-cost 
method of palliative treatment for patients with bron- 
chial or oesophageal lesions, where the purchase of 
expensive remote afterloading equipment is not immedi- 
ately possible. The long-term clinical effectiveness of 
such treatments has yet to be established, particularly in 
relation to the Micro-Selectron; however, to date, there 
have been no adverse effects encountered and patients 
tolerate the treatment very well. The advantages of 
remote afterloading equipment have already been 
mentioned and this would normally be the preferred 
choice whenever possible. 
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Percutaneous biopsy is quick, usually relatively easy to 
perform with a minimum of special equipment and, with 
its high diagnostic yield and low associated morbidity 
and mortality, is a key tool in the radiologist’s arma- 
mentarium. Indeed, it is the single most frequently 
performed interventional procedure. A number of risks 
have been enumerated (Perrault et al, 1978: Westaby, 
1980; Reichert et al, 1983: Whitmire et al, 1985; Lees, 
1987), the most serious being severe bleeding, parti- 
cularly, but not exclusively, in patients with a bleeding 
diathesis. The bleeding is thought to be related to needle 
size, and fine-needle aspiration cytology (FNAC), 
which, with improvements in cytology, is a reliable 
procedure (Lees et al, 1985), is thought to be safer than 
histological biopsy. However, there are frequently 
circumstances, such as diffuse organ disease, suspected 
unusual or benign neoplasms and lymphoma, where a 
core biopsy using a larger cutting needle is desirable in 
spite of some increased risk. 

For liver biopsy, in particular, a number of alterna- 
tive techniques to the percutaneous approach have been 
developed, the transjugular approach being the most 
favoured (Hanafee & Winer, 1967; Korshin et al, 1978; 
Bull etal, 1983; Colapinto, 1985). However, this is 
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cumbersome and time consuming, requires high tech- 
nical skill and, most importantly, frequently yields 
inadequate samples. It is not, in any case, without its 
own risks such as accidental carotid artery puncture, 
neck haematoma and intraperitoneal bleeding (Bull 
etal, 1983). The recent trend has consequently been 
towards improving the safety of the essentially straight- 
forward and well established percutaneous biopsy tech- 
nique by embolization of the biopsy track following the 
procedure with, variously, Gelfoam particles (Riley 
etal, 1984; Chuang & Alspaugh, 1988; Tobin & 
Gilmore, 1989), steel coils (Allison & Adam, 1988), 
fibrin sealant (Chisholm etal, 1989) or haemostatic 
protein-polymer sheath (Gazelle et al, 1990). 

These have been developed for patients at high risk 
for bleeding, but, since there is no consensus on the 
criteria for the definition of high risk (e.g. platelet count, 
prothrombin time, etc.), it is difficult to assess from 
published series the efficacy of the different embolization 
materials. However, some practical points of impor- 
tance clearly emerge. 


1. Gelfoam and other particulate materials are not 
radio-opaque and are difficult to see fluoroscopically 
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during the procedure even when mixed with contrast 
medium. They are, therefore, difficult to position opti- 
mally in relation to the vessel responsible for the 
bleeding. In addition such materials may be flushed out 
of the biopsy track if bleeding is severe and, if injected 
forcefully, may pass into the portal venous system, 
which is undesirable in patients with hepatic function 
impairment, or into the hepatic venous system and, 
subsequently, the lungs. 

2. Fibrin sealant (Chisholm et al, 
commercially available. 

3. The haemostatic protein polymer sheath device 
described by Gazelle et al (1990) is of 8F gauge to fit 
over a 14-gauge "Trucut" needle, making an even larger 
and undesirable track than the original needle. It is not 
commercially available as yet. 

4. The most practical and, in our experience, the most 
effective technique is that of steel coil embolization. 
However, as previously discussed (Allison & Adam, 
1988), it too uses a larger flexible outer sheath of 8F 
over a |4-gauge “Trucut” style needle and therefore, in 
itself, increases the likelihood of bleeding. 


1989) is not 


Some of these shortcomings of established techniques 
are theoretical and they have nevertheless been remark- 
ably successful in practice even in patients with a severe 
bleeding diathesis. 

Crummy et al (1989) have suggested that emboliza- 
tion may be performed without an outer sheath and 
simply through the cannula of a cutting needle after the 
biopsy has been removed on the inner stylet. This is 
attractively simple and would avoid the problem of 
increasing the size of the biopsy track more than that of 
the needle but would involve leaving in place in the 
patient's liver a relatively rigid metallic cannula for the 
period of embolization during which time it would, 
naturally, be necessary for the patient to breathe. 

The recently introduced “Biopty” system (Jennings 
et al, 1989) largely overcomes the problem of decreased 
reliability in the production of good specimens by 
smaller cutting needles by its rapid, controlled spring- 
powered delivery mechanism and it may be used reliably 
for core biopsy with smaller 18-gauge "Trucut" style 
needles. These are intrinsically safer than the 14-gauge 
needle and are, importantly, quite flexible. We describe 
here a simple technique for steel coil embolization for 
use with this system. 


Technique 

The *'Biopty" gun-needle assembly kit is illustrated in 
Fig. 1. The simple use of this device has been described 
in detail elsewhere (Jennings et al, 1989). We prefer to 
use the version with a | cm rather than 2 cm movement 
as we consider this safer. The procedure is carried out in 
a fluoroscopy suite. Most patients with abnormal blood 
coagulation undergoing liver biopsy have diffuse liver 
disease and no localization is necessary. However, if a 
focal lesion is to be biopsied and the patient has dis- 
ordered coagulation or if a lesion is suspected of being 
vascular on the basis of computed tomography, mag- 
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Figure 1. The "Biopty" gun assembly with 18-gauge "Tru-cut" 
style needle. 


netic resonance imaging or angiographic appearances, 
an ultrasound-guided biopsy may be performed in the 
fluoroscopy suite, followed by embolization of the track. 

The biopsy is performed during suspended respiration 
and the gun assembly is then simply separated from the 
needle. The patient may then resume breathing as the 
needle is relatively flexible and is unlikely to cause 
laceration of the liver parenchyma. It is important in 
making the initial skin puncture not to position the 
needle immediately above or below a rib to avoid a 
"cheese wire" effect through the liver owing to splinting 
of the needle by adjacent bone. Following the biopsy 
procedure the sample is removed on the inner needle 
stylet leaving the outer cannula (18-gauge) in the liver. 
Contrast medium is then injected through the cannula. 
For this purpose a 16-gauge (white) needle neatly makes 
a leak-free connection between the contrast syringe and 
the "Biopty" cannula. In our experience, if bleeding 
follows a liver biopsy, the source of the blood is usually 
either a tributary of a hepatic vein or a portal venous 
radicle. Bleeding from a branch of the hepatic artery is 
rare, probably because of the resilience of arterial walls. 
The injection of contrast medium through the cannula 
will demonstrate the precise point of communication 
between the track and the vessel responsible for the 
bleeding. 

The cannula is then withdrawn slightly and a modi- 
fied version (William Cook Delivery Stylet DPES/18/16 
carrying a 38-4-3 coil) of the 20-gauge embolization 
stylet described in a previous communication (Allison & 
Adam, 1988) is used to deposit a coil in the track 
immediately adjacent to the bleeding vessel. The emboli- 
zation needle assembly is lcm longer than the 
previously commercially produced device (William 
Cook) because the needle employed with the Biopty gun 
is longer than the one included in the biopsy and 
embolization set we have described previously (Allison 
& Adam, 1988). When the new embolization needle is 
fully inserted in the Biopty cannula and the central wire 
removed, the coil is released precisely at the needle tip. 
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Figure 2. The 18-gauge "Biopty" cannula shown with the coil 
delivery stylet. Note that these are the same length so that the 
coil may be released reliably at the very tip of the cannula. 


which can be seen clearly on fluoroscopy (Fig. 2). The 
cannula is then withdrawn in small steps and further 
injections of contrast medium are made to demonstrate 
any other vessels traversed by the needle. If such vessels 
are found, more coils are deposited until the bleeding 
stops (Fig. 3. In most cases, haemostasis results 
2-3 min following completion of the embolization. 

We cannot claim, any more than can the proponents 
of other techniques of plugged biopsy, that our enthu- 
siasm is supported by comparative trials against alterna- 
tives or by carefully controlled assessment of relative 
bleeding diathesis in different patients. However, the 
technique described has theoretical advantages over 
others, is very simple and easy to learn and is now in 





Figure 3. Digital image (magnified) of a liver biopsy site 
showing coils deposited at the biopsy site (black arrows) and a 
third coil (white arrow) stretched out in the biopsy track. 
Contrast medium is seen staining the liver parenchyma. 
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routine use in our department for patients with bleeding 
diathesis. 
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Splenic cysts form a heterogeneous group, classified in 
1953 by Fowler. Excluding cystic neoplasms and para- 
sitic cysts, splenic cysts can be classified as "true" cysts 
lined by an epithelium, and "false" cysts without epi- 
thelial lining. It has been postulated that the latter are 


post-traumatic (Dachmann et al, 1986). In the described 
case, we record the evolution on ultrasound (US) and 
computed tomography (CT) of a post-traumatic 


subcapsular haematoma of the spleen that resulted in 
cyst formation. 
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Figure 1. (a) US scan on admission showing a subcapsular 
collection with internal echogenic (arrow) and peripheral 
anechoic components. (b) Unenhanced abdominal CT scan 
days later at the centre of the collection of increased density 
(arrow). (c) Enhanced abdominal CT scan 5 months after 
admission: cystic aspect 
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Case report 
A 39-year-old man was seen in the emergency department 


with acute left lower thoracic pain. There was a history of 


intermittent trauma. Physical examination revealed no obvious 
abnormality. US examination on admission (Fig. la) showed a 
subcapsular splenic collection with internal echogenic and peri- 
pheral anechoic components. CT (Fig. Ib), performed a week 
later, confirmed the diagnosis of subcapsular haematoma and 
showed its complex structure of an internal dense area (30 
Hounsfield units (HU)) and a low-density, probably liquefied, 
peripheral zone (13 HU). A US scan performed | month after 
admission again revealed a heterogeneous collection with an 
alteration in morphology showing a decrease of the echogeni- 
city of the internal part and an increase in volume of the 
hquefied peripheral component. 

A CT sean (Fig. Ic), performed 5 months after admission, 
showed a typical, 7 cm, non-enhancing round lesion of liquid 
density (17 HU) consistent. with a subcapsular cyst. This 
appearance is typical of a "false" cyst of the spleen (Dachmann 
et al, I986). 


Discussion 

Splenic haematomas would be the main cause of false 
cyst. The relationship resolving haematoma into splenic 
cysts was shown in surgical specimens (Economides et 
al, 1980) and on US and CT (Dachmann et al, 1986). 
Qur case illustrates the transformation of a subcapsular 
collection to a cyst in 5 months. 

A history of trauma is found in one-quarter to one- 
half of cases of "false" cyst (Garvin & King, 1981), but 
the trauma is often in the distant past and not recalled. 
More than 5094 of false cysts are diagnosed in the 3 
years following trauma, and this corresponds with the 
delay seen in our case. 

Diagnosis of splenic cysts is mainly based on US and 
CT. Once a splenic mass is shown as a large cystic lesion 
with a relatively thin wall, and if echinococcus is 
excluded, a false cyst or true cyst is the likely diagnosis 
(Dachmann & Magid, 1987). 


Case reports 


The evolution of the false cyst as illustrated by this 
case includes slow growth (Ross et al, 1977). Rupture, 
infection and rapid increase in size (Dibble & Weigent, 
1965) may lead to acute presentation. The usual treat- 
ment is surgical excision of the symptomatic cyst. 
Percutaneous puncture, laparoscopic cyst puncture and 
creation of a cyst-peritoneal window have been success- 
fully performed. 

US demonstration of a splenic cyst at the time of 
acute abdominal pain may pose a diagnostic dilemma. 
The major role of imaging following diagnosis is to 
document the morphological evolution of splenic cysts 
and haematomas as a complement to clinical evaluation 
in the determination of the need and timing of surgical 
and percutaneous drainage procedures. 
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Benign renin-secreting juxtaglomerular cell tumours of 
the kidney (reninomas) are recognized but rare causes of 
hypertension. 


Although 46 well documented cases have been 
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described since the first report by Robertson et al (1967) 
there has been little emphasis on the radiological aspects 
of this clinical entity (Conn et al, 1973; Davidson & 
Clark 1974; Dunnick et al, 1983). The radiodiagnostic 
criteria and diagnostic investigations will be dealt with 
in this case report. 
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Case report 

A 33-year-old woman was referred to our hospital because of 
hypertension (230/130 mmHg) uncontrollable by f-blocking 
agents. There were no complaints of increased thirst, polyuria 
or muscular weakness. On physical examination, no abnor- 
malities except for the hypertension were found. The chest 
radiograph together with an intravenous urogram were 
normal 

Laboratory examination of the blood showed a lowered 
serum potassium level, a normal creatinine clearance and no 
indications of phaeochromocytoma. Plasma-renin activity 
(PRA) was elevated and there was a markedly increased aldo- 
sterone secretion rate. A secondary form of aldosteronism was 
suspected 

Abdominal! aortography showed no stenoses of the renal 
arteries and a barely visible radiolucent area in the lower pole 
of the right kidney. A subsequent selective study of the renal 
arteries revealed a hypovascular, smoothly delineated lucent 
area in the lower pole of the right kidney with a diameter of 
approximately 3 cm. No calyceal deformity was seen in the 
excretion phase (Fig. 1). 

On ultrasound examination this echogenic 
(Fig. 2). Computed tomography (CT) was performed and 
showed an isodense structure in the lower pole of the right 
kidney, which appeared to be hypodense as compared with the 


lesion was 





Figure 1. Selective right renal arteriography shows sparse 
vascular structures in the lower pole with a sharply defined 
radiolucent area (arrows); note the absence of calyceal 
deformity. 
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Figure 2. Renal ultrasound scan showing a homogeneous, wel! 
delineated echogenic lesion in the right lower pole 


normal parenchyma after intravenous administration ol 
contrast medium (Fig. 3). 

Selective renin sampling of the renal veins showed a 
markedly elevated plasma renin activity on the right side, with 
a ratio of 24.6 to 16.7 ng/ml/h (for comparison: PRA in the 
lower inferior caval vein was 11.2 ng/ml/h). Renal radionuclide 
scanning was not performed. 

All these findings suggested a renin-secreting tumour in the 
lower pole of the right kidney and a right lower pole resection 
was performed, revealing a well encapsulated tumour with a 
diameter of 2 cm. Histologically it was composed of neoplastic 
juxtaglomerular cells. Histological and immunocytochemica! 
aspects of this tumour, which are described extensively else- 
where (Hermus et al, 1986), were typical of a benign juxta- 
glomerular cell tumour 

Immediately after extirpation of the tumour, blood pressure 
fell dramatically to 120/80 mmHg. In the subsequent period 
the blood pressure stabilized in a range of 130/90 to 
160/100 mmHg (this high value is most probably due to essen 
tial hypertension) with normal values of PRA 


Discussion 

A renin-producing tumour is characterized clinically 
by a syndrome of (severe) hypertension, hypokalaemia 
and hyperaldosteronism. Patients may have complaints 
of headache, polyuria and/or polydipsia or muscle 
weakness (Robertson et al, 1967; Lam et al. 1982). 
Patients are usually young. with an age range of 6 to 53 
years (mean age 21.5 years) (Corvol et al, 1988). PRA is 
always elevated (Hirose et al, 1974). These tumours are 
solitary and are almost always solid on macroscopic 
examination (only one partly cystic, partly solid tumour 
has been described; Hanna et al, 1979), with a diameter 
ranging from 0.2 to 0.8 cm (mean diameter 2.3 cm) 
(Lam et al, 1982). Juxtaglomerular cell tumours are 
always located just below the renal capsule and are 
equally distributed throughout upper and lower pole 
Histologically most of the renin-producing tumours 
originating from the juxtaglomerular apparatus of the 
kidneys are benign and of the haemangiopericytoma or 





(b) 


Figure 3. CT scan: the tumour (arrows) appears to be isodense 
on the native scan (a) and non-enhancing after intravenous 
administration of contrast medium (b). 


hamartoma type (Hirose et al, 1974; Dunnick et al, 
1983). Malignant renin-producing tumours of renal 
origin, such as Wilms tumour, renal cell carcinoma and 
mesoblastic nephroma (Dunnick et al, 1983; Malone 
et al, 1989), as well as extrarenal primary tumours (e.g. 
lung, pancreas and ovary) (Anderson et al, 1989) 
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causing hypertension have also been described, but these 
are even more rare. 

Intravenous urography may show stretching or dis- 
placement of calices or the mere presence of a mass, 
(Takahashi et al, 1976; Dunnick et al, 1983; Pedrinelli 
et al, 1987; Remvnse et al, 1989) but in most cases no 
abnormalities are seen (Robertson et al, 1967; Davidson 
& Clark, 1974; Lam et al, 1982). With only one cystic 
(Moss et al, 1982) and only one partly cystic/partly solid 
mass (Lee, 1971) having been reported in 10 cases, the 
findings at ultrasound most commonly suggest a solid 
mass (Dunnick et al, 1983; Pedrinelli et al, 1987). Most 
of these masses are echogenic, although hypoechoic and 
isoechoic masses (sometimes surrounded by a hyper- 
echoic rim corresponding to a pseudocapsule) are 
known (Dunnick et al, 1983). 

CT scanning may reveal an isodense or hypodense 
solid tumour (Dunnick et al, 1983; Corvol et al, 1988), 
which may be surrounded by a small rim of haemor- 
rhage or may show increased density centrally resulting 
from haemorrhage (Moss et al, 1982; Dunnick et al, 
1983). After intravenous administration. of contrast 
medium, the tumour may be non-enhancing owing to 
hypovascularity (Lee, 1971) or only slightly enhancing 
(Dunnick et al, 1983; Remynse et al, 1989) 

Although aortography may be inconclusive or even 
normal, it is usually able to show a hypovascular mass 
(Hanna et al, 1979; Lam et al, 1982; Moss et al, 1982; 
Pedrinelli et al, 1987; Corvol et al, 1988). Despite the 
presence of well developed vascular spaces microscopi- 
cally the angiographic features consist of tortuous and 
sparse, poorly defined vasculature (Conn et al, 1973; 
Davidson & Clark, 1974; Dunnick et al, 1983; Remynse 
et al, 1989) with or without abnormal calibre, course or 
displacement (Takahashi et al, 1976). Cases with an 
arteriovenous shunt are unknown, but early staining of 
the renal vein has been described (Takahashi et al, 
1976). The renal parenchyma usually shows an area of 
translucency, sometimes surrounded by a zone of 
increased density caused by a rim of compressed renal 
parenchyma (Davidson & Clark, 1974; Takahashi et al, 
1976). Selective renin sampling of the renal veins shows 
lateralization with elevated renin levels on the affected 
side (Conn etal, 1973; Davidson & Clark, 1974; 
Pedrinelli et al, 1987). A ratio of more than 1.5 to 1 is 
considered to be significant and in this way even very 
small tumours (down to 0.2 cm) can be detected (Hirose 
et al, 1974). 

A renal radionuclide scan is usually normal (Hirose 
et al, 1974; Lam et al, 1982), but a focus of diminished 
activity may be seen (Takahashi et al, 1976) 

In establishing the diagnosis of a renin-producing 
tumour of the kidney, ultrasound and CT together with 
selective renin sampling of the renal veins is essential. 
Aortography performed because of suspicion of renal 
artery stenosis should always look for a mass as 
described in this case report. Whenever a mass is 
suspected, selective renal arteriography should be per- 
formed in order to confirm and delineate the lesion. 
Intravenous urography and renal radionuclide scanning 
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have a low sensitivity for the detection of small renal 
masses such as renin-producing tumours but are usually 
helpful in excluding other pathological processes. 
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Transmural contrast extravasation through both knitted 
Dacron and Gore-Tex grafts is well documented. 
Reports have appeared associating this complication 
with the use of both streptokinase and urokinase (Rabe 
et al, 1982; Becker et al, 1984; Rosner & Doris, 1984; 
Perler et al, 1986). We report a case of extravasation 
through a Pulse-Tec (Newtec Vascular Products Ltd, 
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UK) graft in association with the use of high-dose 
recombinant tissue plasminogen activator (rt-PA) 
therapy. This complication has not previously been 
reported in this type of graft or with this particular 
thrombolytic agent. 


Case report 

A 75-year-old woman with a long history of peripheral 
vascular disease presented with an ischaemic ulcerated fore- 
foot. Ankle-brachial indices were 0.4 on the left and 0.6 on the 
right, which was asymptomatic. A diagnostic arteriogram 
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Figure 1. Digital subtraction angiogram showing initial focal 
contrast extravasation (arrow). 


showed a segmental 7 cm superficial femoral artery occlusion 
with a good popliteal artery and posterior tibial and peroneal 
arteries patent to the ankle. Percutaneous transluminal angio- 
plasty was attempted but the occlusion could not be traversed 
and she went on to surgical reconstruction with a Pulse-Tec 
femoro-popliteal bypass graft. The graft was subcutancous in 
position and extended from the common femoral to the below- 
knee popliteal artery. Peroperative angiography showed good 
flow and no abnormality. 11 days post-operatively her leg 
became ischaemic and an intravenous digital subtraction arter- 
i'ogram showed the graft to be occluded. Thrombolytic treat- 
ment with rt-PA was then attempted. The graft was accessed 
via the right femoral artery using a SF Simmons catheter, with 
the tip positioned in the proximal graft. High-dose pulsed 
intrathrombic rt-PA was given as three 5 mg boluses at 10 min 
intervals. The catheter was advanced after each bolus to ensure 
the tip lay within the thrombus. Intercurrent angiography 
initially showed focal contrast extravasation (Fig. |), and after 
the third bolus injection extramural contrast could be seen 
along the entire length of the graft (Fig. 2). The procedure was 
abandoned at this point. The patient remained haemodynami- 
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Figure 2. Digital subtraction angiogram demonstrating diffuse 
contrast extravasation along the length of the graft 


cally stable and no clinical abnormality was apparent. Her 
recovery was uneventful and she underwent a successful 
revision of the graft, which has remained patent. 


Discussion 

The Pulse-Tec graft is a relatively new vascular pros- 
thesis constructed from a biocompatible polyurethane, 
polytetrafluoroethylene. This material does not depend 
on pre-clotting to ensure the absence of leaks, although 
on insertion the prosthesis may sweat a little blood (less 
than 35 ml). Unlike the extravasation seen with the 
Gore-Tex graft, where it is limited to a localized area 
and may be due to surgical manipulation (Becker et al, 
1984; Rosner & Doris, 1984). in our case extravasation 
was from the entire length of the graft, similar to that 
seen in the knitted Dacron grafts (Rabe et al, 1982: 
Perler et al, 1986). 

The explanation for this may be related to the porous 
nature of the polyurethane material used in the 
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construction of the graft. These pores may pass in- 
directly from the luminal aspect to the exterior, but in 
the normal situation may be occluded by thrombus. 
With the application of a thrombolytic agent such as rt- 
PA, the blood in the pores may well be thrombolysed 
permitting extravasation. We are unsure of the clinical 
significance of this phenomenon and we do not know if 
it would occur in a well established graft, but recom- 
mend caution in the use of thrombolytic agents in the 
Pulse-Tec graft. 
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Pancreatic metastasis from renal cell carcinoma is 
exceptional, but may appear many years after initial 
diagnosis and radical nephrectomy of an apparently 
limited tumour. We report one case of an asymptomatic 
isolated pancreatic metastasis discovered fortuitously, 
21 years after right radical nephrectomy for a low-grade 
renal cancer. 


Case report 

In 1969, a 47-year-old man underwent right nephrectomy for 
renal cell carcinoma of “low-grade malignancy". At this time, 
no metastases were evident and he remained well on follow-up. 

In June 1990, he complained of prostatism and a fine-needle 
biopsy disclosed a well differentiated prostatic carcinoma. 
Abdominal sonography demonstrated a hyperechoic hetero- 
geneous mass measuring 5 cm x 4 cm x 3 cm in the pancreatic 
tail (Fig. 1). On computed tomography (CT), the pancreatic 
tail appeared enlarged by a hypodense mass. The lesion was 
limited to the pancreatic parenchyma, and remained hypodense 
and heterogeneous after intravenous contrast medium enhance- 
ment. No other abnormality was identified (Fig. 2). 
Endoscopic retrograde cholangiopancreatography revealed a 
pancreatic duct stenosis with overhanging of secondary 
pancreatic canaliculi. Fine-needle aspiration was haemorrhagic 
and inconclusive, hence partial pancreatectomy was performed. 
Histological examination of the mass showed neoplastic clear 
cells containing glycogen and fat but no prostatic specific 
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antigen (Fig. 3). Comparison with the histology slides from the 
previous right renal tumour confirmed similarity of the two 
tumours. Final diagnosis was therefore of a solitary asympto- 
matic pancreatic metastasis from renal cell carcinoma 21 years 
after radical nephrectomy. 





Figure 1. Sonography shows a hyperechoic heterogeneous mass 
(between crosses) in the pancreatic tail (P: pancreas, V: splenic 
vein). 





Figure 2. CT scan after intravenous contrast medium enhance- 
ment demonstrates a hypodense mass limited to the pancreatic 
tail, without adenopathy (P: pancreas, T: tumour) 


Discussion 

Metastatic disease to the pancreas is rare, being 
described at autopsy in only 3% of patients with 
generalized malignancies. Generally, the primary 
tumour is melanoma, breast carcinoma or bronchogenic 
carcinoma but rare cases have been reported in associa- 
tion with oesophageal, gastric, hepatocellular, biliary, 
colonic, renal, prostatic and ovarian carcinomas and 
also in various sarcomas (leiomyosarcoma, Merkel 
spindle cell sarcoma) (Friedman & Edmonds, 1989; 





Figure 3. Histological examination shows a tubular clear-cell 
pattern, typical of renal cell carcinoma. 
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Rumancik et al, 1984). In most cases the pancreatic 
metastasis is part of widespread nodal and visceral 
involvement (Malek & Madsen, 1969; Strijk, 1989). 
About half the patients have pancreatic symptoms or 
signs including pancreatitis, endocrine or exocrine 
dysfunction, pain, biliary obstruction or gastrointestinal 
bleeding. In the other patients, symptoms are absent or 
masked by the presence of other symptomatic meta- 
stasis and pancreatic involvement is only discovered 
during a staging procedure in advanced tumour. Two 
sonographic patterns are described: multiple small 
lesions disseminated throughout the pancreas or large 
solitary pancreatic lesions. Sonographically, these meta- 
stases appear generally more hypoechoic than the 
pancreatic parenchyma (Strijk, 1989). In our case, the 
fatty tumoral content may be responsible for the hyper- 
echoic heterogeneous aspect. The CT scan usually 
shows a hypodense mass sometimes associated with 
pancreatic or bile duct dilatation. Differentiation from a 
primary pancreatic tumour will be impossible without 
tissue sampling; however, the prognosis of these meta- 
stases is better than that for primary pancreatic cancer. 
Here diagnosis was made more difficult because the 
lesion was solitary and because the renal cell cancer was 
treated so many years earlier. Cytological examination 
initially was non-contributory because the sample was 
heavily blood-stained, but on review neoplastic clear 
cells similar to those of the pathological specimen were 
identified. 

To our knowledge, only one case of pancreatic meta- 
stasis from renal cell carcinoma has been reported, 
discovered 17 years after the initial diagnosis but in that 
case it was associated with retroperitoneal lymph node 
enlargement and melaena (Werneke et al, 1986). Our 
case illustrates the difficulties in the diagnosis in such a 
late solitary lesion. 
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Figure 1. (a, b) 


A 23-year-old man presented to a sports injury clinic 
with a 6 month history of exercise induced low back 
pain with radiation to his right buttock. 18 months 
previously he had been treated for osteomyelitis of the 
right medial malleolus. On examination there was no 
neurological deficit. Initial investigations consisted of 
antero-posterior (AP) and lateral lumbar spine films 
(Fig. 1) and a "Tc" HDP bone scan (Fig. 2). 
Haematological and biochemical investigations were 
normal. 

What is the differential diagnosis and what further 
investigations are appropriate? 





Figure 2. 


Vol. 65, No. 774 $49 


Sclerotic pedicle, unilateral spondylolysis 





Figure 3. 


The lumbar spine films showed a right sided localized 
area of sclerosis of the neural arch of the L5 vertebra 
and spina-bifida occulta at SI. The bone scan confirmed 
increased uptake in the region of sclerosis but no other 
focal abnormality 

Ihe patient was referred for computed tomography 
(CT) with a differential diagnosis of an osteoid osteoma 
or possibly metastatic osteomyelitis. CT was performed 
with a GE 9800 scanner using contiguous 5 mm sections 
through the region of interest with the beam parallel to 
the end plate. Sclerosis of the pedicle and lamina on the 
nght side of the L5 neural arch was confirmed. There 
was thickening and elongation of the lamina but no 
evidence of bone destruction, fracture or a nidus of an 
osteoid osteoma. On the left there was discontinuity of 
the neural arch anterior to the facet joint confirming a 
unilateral spondylolysis (Fig. 3). 

Sclerosis is a recognized change in the lamina and 
pedicle opposite a unilateral spondylolysis, reflecting 
increased stress (Wilkinson & Hall, 1974). Elongation of 
the lamina on CT has also been described (Rothman & 
Glenn, 1984) 


lable I. Sclerosis of the pedicle 





Agenesis or hypoplasia of the contralateral neural arch 
Ipsilateral or contralateral spondylolysis 

Osteoid osteoma or osteoblastoma 

Metastases, myeloma or lymphoma 

Infection 

Idiopathic 
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Discussion 

Sclerosis of the pedicle in the lumbar spine has a wide 
differential diagnosis. Important causes are listed in 
Table I. A comprehensive review of causes has been 
published recently (Yochim et al, 1990). These include 
the major differentials in this case: osteoid osteoma, 
infection and spondylolysis. The incidence of spondylo- 
lysis has been shown to be zero at birth with an 
increasing incidence as childhood progresses. 
Symptomatic spondylolysis often occurs in relation to 
exercise and there is a familial incidence. Spondylolysis 
is therefore considered to develop as a stress fracture in 
patients with a congenital predisposition. Standard AP 
and lateral plain films will miss up to 20% of cases. 
Oblique views are generally considered to be the most 
useful additional view, but a coned lateral view has been 
found to be the single most sensitive view identifying 
84% of defects. The lateralization, however, cannot be 
defined and the combination of standard AP, lateral and 
oblique views remains most sensitive identifying 96.5 % 
of all defects visible on plain film (Amato et al, 1984). 

CT involves a higher radiation dose and defects 
obvious on plain films may not be easily visible as the 
pars defect merges with the adjacent facet joint. A CT 
examination may, however, prove necessary, as in this 
case, to exclude other pathology such as an osteoid 
osteoma, osteoblastoma or sclerotic metastases. Failure 
to detect a complete ring on any section has been 
suggested as a simple method for detection of spondylo- 
lysis on CT (Langston & Gavant, 1985). 13% of 
patients with. spondylolysis or spondylolisthesis in one 
study were found to have a unilateral defect. There was 
often found to be contralateral sclerosis of the neural 
arch with elongation attributed to healing of microfrac- 
tures (Rothman & Glenn, 1984). 


Conclusion 

Unilateral spondylolysis may not be obvious on 
clinical or initial radiological investigation. The presence 
of unilateral sclerosis of the neural arch requires careful 
evaluation of the contralateral pars interarticularis. 
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Measurement of extrafocal radiation by 
computed radiography 


THe Eprror-—Sir, 


Please note that there was an error in the formula contained in 
the paper entitled Measurement of extrafocal radiation by com- 
puted radiography, published in the March 1992 issue of the British 
Journal of Radiology. The error occurred in the formula on p. 240, 
the correct formula is shown below. 


EF l 
F ([(focal value + 1115) — extrafocal value}/465} 
10 





er 


The Publisher apologizes to both the author and the readers for this 
error. 


R. H. MIETTUNEN 
Department of Diagnostic Radiology, 
Helsinki University Central Hospital, 


Helsinki, 
Finland 


(Received 23 March 1992) 
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Radiation protection associated with well women 
breast cancer screening 


THe Eprror-——-Sir, 

We wish to raise a number of issues concerning radiation protection 
aspects associated with well women breast cancer screening pro- 
grammes now established throughout the UK. 

Does irradiation of well women for screening purposes consti- 
tute a medical exposure and, therefore, fall within the terms of the 
1988 lonizing Radiation (Protection of Persons Undergoing Medi- 
cal Examination or Treatment) Regulations? If so, then according 
to section 4 part 3, persons physically directing a medical exposure 
shall select procedures such as to ensure a dose of ionizing radiation 
to the "patient" as low as reasonably parcticable in order to achieve 
the required diagnostic or therapeutic purpose. In the case of well 
women breast cancer screening what is the required diagnostic 
purpose and what is the upper level of dose considered acceptable 
to achieve this purpose? Is this the level which corresponds to a 
detection of 3 cancers per 1000 women on the first screen, but what 
about subsequent screening rounds? 

If irradiation of well women does not fall within the framework 
of the 1988 Regulations then perhaps it falls within the framework 
of Chapter 2 section 2.16-2.39 of the Guidance Notes to the 1985 
lonizing Radiation Regulations which is concerned with irradiation 
of volunteers for medical research. purposes or screening pro- 
grammes. In effect the UK Breast Screening Programme would be 
classed as a research project whose intention was to assess the risk- 
benefit arising from the widespread application of mammography. 
Obviously the well women involved are indeed volunteers. 

The exposure guidelines for this type of irradiation are pre- 
sented in the Guidance Notes namely: wherever possible the 
effective dose equivalents to normal control subjects should be no 
greater than those for a Category H irradiation with an upper limit 
effective dose equivalent corresponding to dose limits. for 
memebers of the general public. These limits are now | mSv. 

in order to evaluate the breast dose which corresponds to this 
dose equivalent we can employ the most recent tissue or organ 
weighting factor provided by ICRP for the breast, namely 0.05. 
However, since this figure assumes a population of both men and 
women, and it is predominantly females who are at risk from breast 
cancer, there is a strong case for taking the weighting factor to be 
0.1 (see ICRP 34 p. 8). 

It is not at all clear, however, whether this factor constitutes a 
üssue or organ weighting factor. In Table B-8 of the 1990 ICRP 
Recommendations ( Vol. 21 p. 124) the risk factor for the breast em- 
ploying a multiplicative risk model is indicated as 0.6 x 107 Gy ' for 
a population of males and females. Notwithstanding that in this 
publication the Tables employ units of Grays and the text refers to 
Sieverts, this value must be divided by 2 to calculate "the total and 
other organ probability values”, Thus the risk per organ (C.e. to each 
breast} would be 0.3 x 107 Gy (Sv) which is roughly 5% of the 
total, aH organ, risk factor quoted, namely 7 x 10? Gy' (Sv) 
consequently the weighting factor of 0.05 quoted above would 
appear to be a single organ factor and irradiation of each breast 
would involve an additive overall risk. This difficulty obviously 
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arises when attempting to employ organ risk factors calculated 
from whole body irradiation, which involves integral doses through- 
out a single distributed organ like red bone marrow or additive 
doses for multiple organs of a particular type, like the breast. Whole 
body irradiation will involve the whole organ (or tissue) whereas 
radiological irradiation will involve partial body or single organ 
exposure. Incidentally there is evidence in ICRP 21 Table B-14A 
that in the UK the relative organ risk factor for the breast might be 
60% higher than the average value indicated by the organ weighting 
factor of 0.05 quoted above. 
Assuming an organ weighting factor of 0.1 for women, the 
maximum absorbed breast dose corresponding to the recommended 
upper limit for a Category H exposure of volunteers would appear 
to correspond to 10 mSv for the same risk as a whole body exposure 
of | mSv. If we assume a conversion factor for entrance surface 
dose to absorbed breast dose of approximately 0.25 for the beam 
qualities normally employed in mammography, then the entrance 
surface dose corresponding to the upper limit for Category H expo- 
sures would be 40 mGy, assuming numerical equivalence between 
absorbed dose and equivalent dose quantities. 
For a breast screening mammographic examination compris- 
ing two views per breast, the upper limit entrance surface dose 
would correspond to 10 mGy per image. The outputs of mammo- 
graphic X-ray units are in the dose range 0.05-0.2 mGy/mAs. 
Consequently the upper limit X-ray exposure would correspond 
roughly to 100 mAs per image or 400 mAs per examination. 
The Commission of European Communities has issued guide- 
lines for the upper limit entrance surface dose of 7 mGy per image 
for a breast examination (CEC, 1990). These guidelines were 
deduced from the results of a UK mammography physics group 
study involving approximately 30 screening centres. These meas- 
urements were not performed on actual patients but on a 4.5 cm 
thick Perspex phantom. Nonetheless, 25% of centres demonstrated 
an entrance surface dose value per image to the phantom which 
exceeded the value of 7.5 mGy. During the first European trial of 
the image quality criteria document which presented the entrance 
surface dose guidelines for the breast, over 2396 of dose measure- 
ments made on actual patients exceeded 10 mGy per image. There 
is no evidence to indicate that the situation within the UK 1s any dif- 
ferent. 
If this is the case then up to 2596 of women undergoing mam- 
mographic breast screening examination comprising two views of 
each breast may be receiving a dose which exceeds the upper limit 
for a Category H exposure of volunteers. At this level of exposure 
the benefit/risk ratio expressed in terms of cancers detected to 
cancers induced for a women 50-54 years of age would be approxi- 
mately 50 for a single screen, with a lifetime benefit/risk decreasing 
markedly with subsequent screens. 
A number of questions obviously need to be addressed. 
|. What is the precise radiation protection frame work which covers 
the exposure of well women in breast screening programmes? 
2. What are the actual levels of radiation being employed as distinct 
from measurements employing phantoms? 

3. Why have Perspex phantom measurements been employed in 
assessing actual breast doses when this approach is not em- 
ployed for other radoilogical examinations? 
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4. What constitutes an acceptable upper limit dose for an ex- 
amination? 

5. What action needs to be taken and by whom if any upper limit is 
exceeded? 

6. What are acceptable benefit-risk ratios for well women screen- 
ing? 

7. Are there particular groups within the population, i.e. women 
with large and/or dense breasts who should be considered sepa- 
rately? 

8. If women continue to receive doses from multiple screening 
rounds what is an acceptable lifetime benfit-risk ratio? 

9. What are the specific diagnostic purposes in an ongoing breast 
screening programme? 

10. To whom should these questions be addressed? 

A great deal of material has been published in both the popular 
press and scientific journals extolling the virtues of breast screening 
programmes for the early detection of cancer. However, it would 
appear that a number of fundamental radiation protection aspects 
have not yet been resolved. Their resolution would help greatly in 
providing a balanced appraisal of the acceptable levels of risks aris- 
ing from breast screening programmes employing mammography. 
Hopefully this letter will prompt further discussion on these issues. 

Yours etc., 
B. M. Moores 
E. T. HENSHAW 

Integrated Radiological Services Ltd, 

Unit 188, Centuary Building, 

102 Tower Street, 

Liverpool L3 4BJ 

(Received 29 January 1992, accepted 8 April 1992) 
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Mistaken hilar mass 


THe Eprror—Sir, 

R. Thomas discusses the possibility of hilar enlargement due to a 
dilated oesophagus on a supine radiograph taken on a radiotherapy 
simulator apparatus and states that this is “well known"! 

Two radiographs, one supine and one in the erect position were 
published with his letter to “prove” the point. However, the oe- 
sophagus is not a hilar structure as it lies behind it, and in the 
absence of a barium examination showing a mid-oesophageal 
diverticulum lying behind the hilum, f find the explanation very 
difficult to believe. 

Two likely explanations are: (a) the soft tissue mass of the chest 
wall tumour being treated; or more likely (b) the right venous 
confluence of the pulmonary veins where this joins the left atrium. 

Yours etc., 
F. W. WRIGHT 
X-ray Department, 
The Churchill Hospital, 
Oxford OX3 7LJ 
(Received 20 January 1992, accepted 8 April 1992) 
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Author's reply 


Tur Eprror—Sir, 

F. Wright’s comments further consolidate my point that simulator 
radiographs should not be used for diagnostic purposes and the 
expertise of radiologists is essential to give à broader differential 
diagnosis. However, with respect, the mass in question, seen on the 
supine but not the erect radiographs, was in the anterio-posterior 
(AP) projected region of the right hilum. As the title suggested this 
may have been "mistaken" for a hilar mass without further lateral 
or barium studies. In a man with a long history of severe oesophag- 
eal reflux, oesophageal dilation in the posterior mediastinum is by 
far the most likely diagnosis. A soft Ussue chest wall mass or 
prominent pulmonary vessels are less likely to demonstrate such 
dramatic postural changes. 

Oesphageal dilation in the differential diagnosis of parame- 
diastinal radiographic masses is well established (Grainger, 1980, 
Hoffner, 1989) and is often discussed in medical teaching sessions 
and, hence, although not common is well known. 

Yours ete., 
R. J. THOMAS 
Department of Oncology., 
University College London, 
The Middlesex Hospital, 
London WIN 8AA 
(Received 7 February 1992, accepted 8 April 1992) 
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Results from the HAD psychometric ques- 
tionnaire in 54 breast cancer patients treated with 
breast conservation 





THe Eprror—Sir, 

Following the report in this journal by Bull and Campbell (1991) on 
the use of the HAD psychometric scale to detect anxiety and 
depression in women attending for breast screening which turned 
out to be negative, it may be of interest to compare the results with 
those obtained in patients with established breast cancer. 

57 patients with operable breast cancer presented in | year to 
a single surgical firm at the Westminster Hospital and were treated 
by uniform breast conservation policy (Bulman et al, 1987). 54 
completed the HAD scale after local tumour excision, after radical 
radiotherapy, at 6 months and at 12 months. Standard criteria were 
used for normal, borderline and abnormal scores. Mean scores, 
range of scores and the proportion of patients with borderline and 
abnormal scores are shown in Table | for anxiety and Table IH for 
depression. A total of 15 out of 54 patients scored abnormally 
anxious at least once, four of these 15 patients scored both abnor- 
mally anxious and depressed. There were no cases of depression 
without anxiety. 

All 54 patients were also interviewed by a senior consultant 
psychiatrist at 6 months. One of the 15 patients with an abnormal 
HAD score received psychiatric treatment, as did one other patient 
who did not score as abnormal or borderline on HAD. This 
treatment rate was lower than we had anticipated based on more 
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Table I. HAD scale results for anxiety in patients with breast 
cancer 





Post- 





Post- 6 months 12 months 
operative raciotherapy 
Mean HAD 
score 6.31 5.04 5.02 3.41 
Range HAD 
SCOTER 0-16 0-17 0-17 0-15 
“ borderline 15 & 12 Ze 
9b abnormal 17 12 12 6 
Number of 
patients 33 49 SI 54 





Table IL HAD scale results for depression in patients with 
breast cancer 





Post- Post- 6 months 12 months 
operative radiotherapy 
Mean HAD 
score 2.96 2.82 2.61 2.30 
Range HAD 
Scores 0-17 0-18 0-12 0-7 
9b borderline © 6 8 2 
“ abnormal 6 2 2 0 
Number of 
patients — 33 49 51 54 





rigorous studies in which about one third of women are consistently 
reported to show psychiatric morbidity, but in which the practical 
therapeutic implications of this finding are seldom discussed 
(Fallowfield et al, 1990). 

A comparison of the mean HAD scores from the cancer pa- 
tients and from the screened patients described by Bull and Campbell 
shows remarkably little difference, for anxiety 4.95 (cancer) 4.50 
(screened) and for depression 2.67 (cancer) and 4.33 (screened). 
The percentage of patients abnormally depressed was the same in 
the cancer/screened groups. 0-6%. The only marked difference 
was the higher proportion (17-12%) of abnormally anxious cancer 
patients m the first 6 months after diagnosis, falling to the same 
range of 6% as the screened patients by 12 months. 

The reliance which can be placed on the HAD scales in quan- 
tifying psychiatric morbidity, and what the results mean to non- 
pyschometrists, should become clearer as further data on well 
defined groups of patients are published, 

Yours etc., 
A. S. BULMAN 
Regional Radiotherapy Centre, 
Cookridge Hospital, 
Leeds L516 60B 
(Reveived 75 July 1991, accepted 10 April 1992) 
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conservation for all patients. Surgery, 101, 395-399. 

Fattowrmip, L. J, HarL, A., Macuire, G. P. & Baum, M., 1990. 
Psychological outcomes of different treatment policies in 
women with early breast cancer outside a clinical trial. British 
Medical Journal, 301, 575—580. 


Author's reply 


THe Eprror-——Sir, 

The letter from A. Bulman makes an interesting point that the HAD 
scale results were similar amongst cancer patients as among our 
non-cancer patients. The HAD scale is designed to detect overall 
psychological state rather than anxieties focussed on a particular 
problem which would explain a lack of sendsitivity in these circum- 
stances. 

Our main conclusions were drawn from reported frequency of 
breast self-examination and self-reported anxieties. Dr Bulman's 
observations do not alter our suggestion that at least 10% of women 
proceeding to open surgery of a benign lesion as a result of the 
screening programme require professional counselling and sup- 
port, 

Yours etc., 
A. R. Bunt 
The Queen Building, 
Park Parade, 
Harrogate HG! 5AH 
(Received 31 July 1991, accepted 10 April 1992) 


Measurement of tissue perfusion by nene 
computed tomography 


Tur Eprror-——Sir, 

While finding the paper by Miles (1991) extremely interesting, | 
was surprised by the comment in the discussion where it is claimed 
that "absolute values for tissue perfusion from CT have not been 
previously reported”. There is substantial literature from North 
America in which the measurement of absolute perfusion with 
computed tomography has been compared with radiolabelled 
microspheres, and | think the author should be aware of the 
following key references. 


JascHkE, W. R., Goupo, R. G., Cocas, M. G., Srevers, R. & 
LirroN, M. 1, 1987. Cine-CT measurement of cortical renal 
blood flow. Journal of Computed Assisted Tomography, 11(5). 
719-784. 

Jascnke, W., CoGAN, M. G., Stevers, R, Gourp, R. & Liron, M. 
J.. 1987. Measurement of renal blood flow by cine computed 
tomography. Kidney International, 31(4), 1038-1042. 

GouLp, R. G., Liprox, M. J, McNamara, M. T., Severs, R. E, 
KosHoLb, S, & Hicains, C. B., 1988. Measurement of regional 
myocardial blood flow in dogs by ultrafast CT. Investigational 
Radiology, 23(5), 348-353. 

Rumpercer, J. A., Feming, A. L, Leron, M. J., Hiccius, C. B., 
ELL, S. R. & Marcus, M. L., 1987. Use of ultrafast computed 
tomography to quantitate regional myocardial perfusion: a pre- 
liminary report. Journal Am Coll Cardiology, 9(1):59-69, 

Worker, C. J, FegRGUSON, J. L., CuoMKA, E. V., Law, W. R. 
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Lain, I. N., TENzER, M. L., Booker, M. & Brunpace, B. H., 
1987. Measurement of myocardial blood flow by ultrafast 
computed tomography. Circulation, 76(6): 1262-1273 
Yours etc., 
S. Rees 
National Heart & Lung Hospital, 
Sydney Street, 
London SW3 6NP 
(Received 6 January 1992, accepted 10 April 1992) 
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Author's relpy 


THE Eprror—Sir, 
| am most grateful for the references S. Rees has supplied on the 
measurement of blood flow using computed tomography (CT) in 
response to my paper (Miles, 1991). My comment in the discussion 
should have stated that absolute values for tissue perfusion from CT 
have not been reported previously in man. All of the papers listed 
by S. Rees describe work performed only in animals and I remain 
unaware of any reports of human studies. 

The method for calculating tissue perfusion that | have 


described also benefits from being applicable to a wide range of 


different tissues. This is not so for the renal work of Jaschke et al 
(1987) whose technique requires data from the renal vein. 

| am grateful for the opportunity to correspond on this topic as 
the ability of CT to provide functional information ts poorly 
recognized. 

Yours etc., 
K.A. MILES 
Departments of Radiology and 
‘ear Medicine, 

Add.norookes Hospital, 
Hills Road, 
Cambridge CB2 2QQ 
(Received 2 March 1992, accepted 10 April 1992) 
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Mesenteric lymphadenopathy in idiopathic retro- 
peritoneal fibrosis 


THe EprroR—SiR, 

Bilateral ureteral obstruction in a 54-year-old man was diagnosed 
as idiopathic retroperitoneal fibrosis (IRF) on the basis of surgical 
biopsy and treated with bilateral ureterolysis 8 years ago. 5 years 
later, the patient presented with symptoms of colonic partial ob- 
struction and mild renal failure. Relapse involving the perivascu- 
lar retroperitoneum and the pelvis extending to the mesosigmoid 
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colon was evident on an abdominal computed tomography (CT) 
study. A new surgical biopsy revealed IRF. The patient was treated 
with bilateral percutaneous nephrostomy and steroids. Repeat CI 
after 4 months revealed almost complete resolution of the fibrotic 
process. | year later, abdominal CT disclosed again a soft tissue 
homogeneous para-aortic mass and mesenteric lymph adenopathy 
(Fig. la). To rule out malignancy CT-guided percutaneous biopsy 
of the adenopathy was performed and histology showed non 
specific inflammatory changes. No organisms were identified from 
the specimen. CT at 6 and 12 months, after steroid treatment 
revealed reduction of the retroperitoneal mass and almost complete 
resolution of the adenopathy (Fig. 1b). 

IRF is considered an autoimmune periaortitis resulting from 
leakage of ceroid from atheromatous plaques in the aortic wall 
(Mitchinson, 1984). CT and magnetic resonance are the imaging 


modalities of election in the diagnosis of IRF (Brooks et al, 1987 





(à) 





(b) 


Figure 1. (a) Contrast-enhanced abdominal CT shows multiple 
homogeneous enlarged mesenteric lymph nodes (arrows) measur 
ing 1-1.5 cm. There is a soft tissue mass (representing the IRF) 
surrounding the aorta and inferior vena cava. Note the hydroneph 
rotic right kidney and nephrostomy catheters in both renal plevis 
(b) Contrast-enhanced abdominal CT | year later demonstrated 
nearly complete resolution of mesenteric lymphadenopathy and 
marked reduction of the retroperitoneal mass. Note the persistent 
bilateral hydronephrosis. 
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Amis, 1991). Typically IRF appears on CT as a well-defined 
periaortic retroperitoneal soft tissue mass (Brooks et al, 1987). 
However, this appearance can be similar to that found in malignant 
retroperitoneal fibrosis (Brooks et al, 1987). Atypical cases of IRF 
are not infrequent. The fibrotic mass can grow in the peripancreatic 
or periduodenal regions or present as an isolated mass in a para- 
vertebral or mesenteric location (Inaraja et al, 1986; Brooks, 1990; 
Amis, 1991) 

Mesenteric lymphadenapathy can represent another unusual 
manifestation of IRF which, to our knowledge, hàs not been 
reported previously 

Yours etc., 
F. PomMBo 
J, PeREZ-FONTAN 
E. RODRIGUEZ 
Department of Radiology, 
Hospital Juan Canalejo, 
Xubias de Amba, 84, 
15006 La Coruna, Spain 
(Received 3 March 1992, accepted 10 April 1992) 
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Now you see it...now you don't 


THe Eprrogs— SIR, 
We were interested to read the case report by J. S. Millar (1992) 
showing the unusual appearance of a para-umbilical hernia. In the 
discussion the author states that the diagnosis of a diaphragmatic 
hernia is usually obvious. McHugh et al (1991) makes the point that 
plain radiographic findings of diaphragmatic hernia are often non- 
specific and that when suspected a contrast study should be per- 
formed. We present a case in which the diaphragm could not be 
seen but in which the presence of a stricture suggested the correct 
diagnosis 

A 78-year-old lady was referred with constipation, abdominal 
pam and distention. A chest radiograph showed a left pleural 
effusion and free gas under the right hemidiaphragm. The supine 
abdominal radiograph revealed distention of both large and small 
intestine 

A gastrografin enema (Fig. 1) demonstrates a short extrinsic 
stricture in the region of the splenic flexure and a healed rib fracture 
(from an accident 20 years previously). A diagnosis of incarcerated 
diaphragmatic hernia was suspected and confirmed at laparotomy 
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Figure 1. Spot view from the gastrografin enema. Open arrows 
mark the short extrinsic stricture in the splenic flexure. Closed 
arrow indicates the healed rib fracture of the left 9th rib. The 
diaphragm cannot be seen 


The free air was due to caecal perforation. 

90% of traumatic herias of the diaphragm are left sided, they 
usually result from blunt abdominal injury. Approximately one 
third of cases will have a delayed presentation. The diagnosis is 
straight forward if there is an appropriate history and the combina- 
tion of an elevated hemidiaphragm and high splenic flexure or, if 
bowel loops are visible in the chest. In fact this is not often the case 
A spectrum of radiological appearance exists, changes are often 
minimal. Even a large diaphragmatic defect may be difficult to 
recognize with herniated bowel mimicking diaphragmatic contour. 
Pleural effusion or basal shadowing are frequently present but, if 
the diaphragm is obscured, may mask the true diagnosis 

Yours etc., 
D. KESSEL 

*P.E. BEARN 
Departments of Radiology and *Surgery. 
Middlesex Hospital, 
Mortimer Street, 
London WIN 8AA 
(Received 9 March 1991, accepted 15 April 1992) 
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A comparison of ultrasound exposure in therapy and pulsed 


Doppler fields 


By H. C. Starritt, PhD and F. A. Duck, PhD 
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Abstract. A detailed comparison of the ultrasound exposure in water from a therapeutic beam and a pulsed Doppler beam was 
carried out. À significant overlap in acoustic power was found between therapy intensity levels used clinically and the upper end of 
the diagnostic range, between approximately 100 mW and 200 mW. In addition, pulse pressure amplitudes in the range 
0.5-1.0 MPa were measured close to the transducer on both units. It is common to use physiotherapy equipment at pulse average 
intensities of 0.5 W/cm? or less, and at these levels exposures of similar magnitude may be obtained with beams currently defined 
as therapeutic and those available from pulsed Doppler equipment. 


In recent years the exposure levels available for pulsed 
Doppler operation have steadily increased. For example, 
. the mean spatial peak temporal average intensity (Ispra) 
j was observed to have increased by a factor of almost 5 
‘in the time period 1985 to 1989 (Duck, 1989). Similarly, 
creases in total power and peak negative pressure were 
O observed over the same period. Conversely, in 
ysiotherapy applications it has become more common 
operate ultrasound equipment clinically at spatial 
"average intensities that are at the lower end of the 
available range (ter Haar et al, 1987). It has been argued 
that the treatment is effective at low intensities, while 
potentially harmful thermal effects are avoided. Further, 
Dinno et al (1989), amongst others, have suggested that 
cellular changes that are non-thermal in nature can be 
induced by low-intensity ultrasound. Thus, while the 
trend for diagnostic ultrasound has been towards higher 
available powers and intensities, in physiotherapy there 
has been encouragement to reduce the spatial average 
intensities used for treatment. Williams (1991) has noted 
that patients are occasionally being subjected to higher 
time-averaged ultrasonic intensities during some diag- 
nostic procedures than they might receive during a 
typical therapy procedure. Until now, a detailed com- 
parison of exposures has not been reported in the litera- 
ture. In this paper the acoustic beams produced by 
equipment designed for use in physiotherapy are quanti- 
tatively compared with beams produced by diagnostic 
ultrasound equipment operating in pulsed Doppler 
mode. Modern diagnostic Doppler equipment is highly 
complex with many factors affecting the total power 
output and the spatial peak intensity generated at any 
point in the field. One aim of the study was to carry out 
a detailed investigation of exposure levels over the total 









Vol. 65, No. 773 


range of control settings in order to compare the ranges 
of values available in pulsed Doppler mode with those 
available from physiotherapy equipment. 


Ultrasound equipment 

Two commercial ultrasound units were selected for 
this study. Each was representative of equipment that is 
widely used clinically. The therapeutic equipment used 
was a Therasonic-1032 (Electromedical Supplies (EMS), 
Wantage, Oxon). Two transducers were supplied with 
this unit, one large (nominal radiating area 390 mm^ at 
3 MHz) and one small (nominal radiating area 60 mm? at 
3 MHz) Each transducer could be driven at | MHz or 
at 3MHz, either continuously or in tone bursts with 
mark-to-space ratios of 1:2, 1:4 or 1:9. Exposure 
measurements were made on three Therasonic- 1032 
units in order to take account of the variation in output 
between different units. It is noted that a variation of 
30%, in the measured intensity compared with the 
stated intensity, is permitted by British Standard 5724 
(British Standards Institution (BSI), 1985). Therasonic 
ultrasound equipment is widely used in physiotherapy 
departments in the United Kingdom and can be taken 
to typify physiotherapy equipment in general since there 
is little variation between manufacturers. 

The diagnostic equipment investigated was an 
Acuson-128 scanner. This unit was selected because it 
was capable of operating towards the upper end of the 
range of output powers available from commercial diag- 
nostic scanners. (A review of diagnostic exposure levels 
currently available from modern ultrasound equipment 
has been produced by Duck & Martin (1991)) 
Measurements were made using a V328 phased array 
transducer, with a nominal frequency of 3.5 MHz, oper- 
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(a) 


Figure |. 
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(c) 


Schlieren images of the pulsed Doppler beam: (a) range gate setting 19 mm, (b) range gate setting 40 mm and (c) 


perpendicular direction showing geometric focus. The vertical length of each photograph is 100 mm 


ating in pulsed Doppler mode. The exposure delivered 
by this unit was dependent on a number of control 
settings. For example, it depended on the output 
labelled PWR, which could be set at < 500, 

50 (no units are given), on the velocity range 
range gate location, labelled PWD, 
which could be varied between 5 mm to 240 mm, and on 
the gate width 

[he two devices differed in the fact that the diagnostic 
beam was weakly focused, with a maximum pressure 
gain of approximately 8.0, while the therapy beams were 
The gain of the diagnostic beam varied 
and 8.0 as the range gate location was 
with the highest values occurring at PWD 
settings in the middle of the range. The maximum gain 
occurred at a range gate setting of 89 mm and when the 
range gate located closer to the transducer or 
further away the gain was reduced. A number of the 
exposure measurements on both types of equipment 
were made in the region close to the transducer, for 
example source pressure amplitude and radiating area. 
At this location more similarities were observed between 
the beams than were found at greater depth, when 
focusing of the diagnostic beam resulted in a decrease in 
the beam area and an increase in the pressure amplitude 
and spatial average intensity. 


control 


(KH) oF 


selected. on the 


unfocused 
between 2.2 


altered 


Was 


Measurements and results 
Schlieren observation of the beams 

A portable Schlieren system (see Acknowledgments) 
was used to visualize the acoustic beams. In this tech- 
nique a change in the refractive index of water, caused 


by the passage of an acoustic wave, is used to produc 
an image of the wavefront by transverse illumination o; 
the propagation fluid. Figure 1 shows a series of image: 
of the pulsed Doppler beam demonstrating the locatio 
of the electronic focus at range gate settings of I9 r 
and 40 mm in turn. In Fig. lc the geometric beam f. 

in the orthogonal plane ts imaged. Schlieren imag 

the therapy beam are shown in Fig. 2. The beams 
respectively, (a) large transducer, 3 MHz; (b) small trans- 
ducer, 3 MHz; (c) large transducer, | MHz; and (d) small 
transducer, | MHz. It can be seen from these images 
that in the region close to the transducer the therapy 
beams can be of similar dimensions to the diagnostic 
beams. In particular, the source area of the large therapy 
transducer is similar to the Acuson operating with a 
long focal length and the source area of the small 
therapy transducer is similar to the Acuson operating 
with a short focal length. The unfocused nature of the 
therapy beams can also be seen. 


Acoustic power 

Measurement of acoustic power was carried out using 
a calibrated radiation force balance (Perkins, 1989). The 
output of the pulsed Doppler beam was affected 
primarily by two of the scanner controls, the PWR 
(transmit power control) and the PWD (range gate 
control) Each was varied in turn throughout its range 
and the total acoustic power measured under a range of 
conditions. Figure 3 shows how the acoustic power 
varied when the range gate setting was systematically 
increased from 8 mm to 240 mm for each of the three 
available transmit power settings. At the maximum 
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(b) (c) 


wire 2. Schlieren images of the therapy beam: (a) large transducer, 3 MHz; (b) small transducer. 3 MHz: (c) large transducer 
ilz; aad (d) small transducer, | MHz (scale as Fig. 1) 


setting, PWR < 500, the acoustic power ranged acoustic power available in the pulsed Doppler beams 
22mW to 195 mW with the highest measured and the therapeutic beams under investigation. The 
value occurring at a range gate (PWD) setting of lower end of each therapy range in this figure indicates 
I 10 mm. the acoustic power levels measured at pulse intensity 
Figure 4 shows a representation of the ranges of total settings of 0.25 W/cm?. Lower powers were available 
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Figure 3. Variation in total acoustic power go. —À tt ——À 
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from the Therasonic-1032, but measurements were not 
made at settings below this. Some considerable degree of 
overlap can be seen between the power levels measured 
in the pulsed Doppler beam generated at maximum 
output settings and in the therapy beams operated at or 
below 0.5 W/cm? in pulsed mode. 


H ydrophone measurements 

An NPL (National Physical Laboratory) Ultrasound 
Beam Calibrator (UBC) (Preston, 1988) was used for 
measurement of pressure amplitude, beam cross- 
sectional area and pulse duration. Measurement of the 
peak pressure amplitudes generated in water at the face 
of the transducer were made in each acoustic beam with 
the hydrophone array positioned as close as possible to 
the transducer face. In all cases the hydrophone array 
was less than 0.5 mm from the transducer. The magni- 
tudes of the peak positive source pressure (p ') and the 
peak negative source pressure (p^) measured in the 
acoustic beam are given in Table I. 

For the therapy beams the maximum source pressures 
were generated at the maximum output setting, 
2.54 W/cm^, spatial average intensity. In the pulsed 


Table L Maximum pressure amplitudes at the transducer face 
for each acoustic beam 





p' (MPa) p^ (MPa) 
Doppler 0.98 0.90 
Therapy 
Large, 3 MHz 0.77 0.69 
| MHz 0.65 0.59 
Small, 3 MHz 0.70 0.69 
|! MHz 053 0-49 
500 
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Figure 4. Range of acoustic power avail- 
able from each transducer; AV3.5 
= Acuson-128, V328, 3.5 MHz trans- 
ducer; TL3 = Therasonic-1032, large 
transducer, 3 MHz; TLI = Therasonic- 
1032, large transducer, | MHz; TS3 
= Therasonic-1032, small transducer, 
3MHz; TS! = Therasonic-1032, small 
transducer, 1 MHz. Ratios of on-off 
times for the therapy transducers oper- 
ating in pulsed mode are shown as 1:2, 
1:4 and 1:9; CW represents continuous 
mode. 


10000 


Doppler beam the pressure amplitude at the transducer 
varied with range gate setting, between 0.38 MPa and 
0.98 MPa as shown in Fig. 5. The maximum pressure 
amplitude at the source was obtained at the maximum 
output setting, PWR < 500, and at a range gate setting of 
PWD = 8 mm. The range of pressure amplitudes gener- 
ated close to the transducer in the therapy beams and in 
the highest output pulsed Doppler beam were very 
similar. Therapeutic intensities of 0.5 W/cm’, spatial 
average intensity, are common in clinical practice and 
resulted in a maximum positive pressure amplitude of 
0.28 MPa and maximum negative pressure amplitude of 
0.27 MPa. In the pulsed Doppler beam, at reduced 
output setting, PWR<100, maximum pressures of 
0.44 MPa (p^) and 0.43 MPa (p^) were measured. 

Considerably higher pressure amplitudes were 
measured at the focus of the pulsed Doppler beam. The 
maximum focal pressure amplitudes were 5.4 MPa (p^) 
and 2.4 MPa (p^). No significant increase in pressure 
amplitude was observed with depth in the unfocused 
therapy field. 

Temporal average intensities measured for the pulsed 
Doppler beam ranged from 20 mW /cm? to 190 mW/cm? 
(Isara) at the source, depending on the location of the 
range gate. At the focus the spatial peak temporal 
average intensity (Ispra) was 5.05 W/cm? and the Isara 
was 2.93 W/cm’. The maximum intensity (sya) 
obtained with the large Therasonic transducer at 3 MHz 
was 2.49 W/cm’. 

The beam area at the transducer, the radiating area, 
was calculated for each beam from the —6 dB beam 
widths measured in two orthogonal directions using the 
UBC. The Doppler beam was assumed to be rectangular 
close to the transducer, while the therapy beams were 
circular in cross section. 

As the depth of the range gate was increased, the 
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Figure 5. Variation in peak positive 

pressure amplitude at the transducer with 0 eo 
range gate setting for the pulsed Doppler 0 

beam 


radiating area of the pulsed Doppler beam increased 


from 33 mm? to 380 mm, beyond which no further 


increase occurred. The shape of the beam also varied 
from an elongated rectangle to one that was more 
square, with the cross-sectional area of the "squarest" 
beam being 209 mm? at the transducer [herapy beam 
areas measured at the transducer (—6 dB level) were 
67mm^ and 63mm? for the small transducer and 
380 mm^ and 282 mm? for the large transducer. each 
operating at 3 MHz and | MHz, respectively. The range 
of pulsed Doppler beam areas measured at the trans- 
ducer therefore encompassed most of the therapy beam 
areas, with the maximum cross-sectional area of the 
pulsed Doppler beam possibly exceeding that of the 
therapy beam. 


Pressure (MPa) 





— - < 
PWR:500 
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Fhe mark-to-space ratio of the pulsed therapy beams 
was measured by displaying the acoustic waveform 
detected by a single element of the UBC hydrophone 
array on an oscilloscope. Figures 6 and 7, obtained in 
this way, give a visual comparison of the pulse lengths 
typical with pulsed Doppler and pulsed therapy beams. 
respectively. In Fig. 6, 1.8 us pulses are shown at a pulse 
repetition frequency of 1.6 kHz. The output of the 
therapy transducer could be pulsed with tone bursts ol 
2 ms duration and off-times of 4 ms, 8 ms or 
Figure 


I5 ms 
7 shows the output on the 1:2 pulse setting 


Discussion 
This study has shown that for physiotherapy applica 
tions in which spatial average intensities of 0.5 W/cm: 





-——————— 5 ms — —— 


Figure 6. Doppler pulses, 1.8 js in length, at 1.6 kHz pulse 
repetition frequency 
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Figure 7. 
ratio of | 


-————— 5 ms ————— 


Therapy pulses, 2 ms in length, at a mark-to-space 


S6 | 


or less are employed, the total acoustic power delivered 
to a patient may be less than that delivered during a 
diagnostic pulsed Doppler examination with the equip- 
ment operating under "worst case" conditions. It has 
also been shown that source pressures from both types 
of equipment can be equivalent, as can the radiating 
areas, although the transducers may be different shapes. 
Under these conditions the main difference between two 
such systems lies in the way tn which the power is 
delivered. In physiotherapy applications the exposure is 
either continuous and low in amplitude, for example 
0.3 MPa at 0.5 W/cm?, or of the same amplitude but 
pulsed with long tone bursts of 2 ms and a high mark- 
to-space ratio. For example, a mark-to-space ratio of 
1:4 i$ equivalent to a pulse repetition frequency of 
100 Hz. In pulsed Doppler applications an equivalent 
total power may be delivered with higher amplitude 
pulses, for example 1 MPa source pressure and with a 
low mark-to-space ratio. In the study described here, for 
example, 2 us duration pulses and a pulse repetition 
frequency of 6.1 kHz resulted in the highest measured 
value of total acoustic power. 

Total power is the exposure variable associated most 
closely with thermal effects, although beam dimensions 
are also important. This study has shown that both units 
are capable of delivering equivalent powers with equiva- 
lent beam areas. Measurements of temperature elevation 
in tissue have been reported by a number of authors. In 
a pulsed Doppler beam, for example, a temperature rise 
of 2°C in excised bovine liver has been reported (ter 
Haar et al, 1989) Measurements were made under 
"worst case" conditions in which the maximum available 
power generated by the ultrasound equipment was used. 
Carstensen et al (1990) have demonstrated greater 
heating of mouse skull, in vivo, at comparable intensities. 
Temperature rises of the order of 3°C per W/cm? were 
reported. Using physiotherapy equipment, a tempera- 
ture elevation of approximately 3°C after 10 min was 
reported in live, exteriorized rat fetuses, using an inten- 
sity of 1.3 W/cm’, at a frequency of 1 MHz (Abraham 
et al, 1989). Carnes et al (1991) have measured tempera- 
ture rises in vivo in the mouse fetus using implanted 
thermocouples and a | MHz, unfocused transducer. At 
0.5 W/cm’, spatial average intensity, a temperature rise 
of 2°C was recorded after 400s exposure. At lower 
intensities, such as those used clinically, the temperature 
elevation produced in tissue by physiotherapy equip- 
ment might be expected to be very similar to that 
produced by high-level pulsed Doppler beams for the 
reasons stated above. If thermal effects are not impor- 
tant at the power levels used clinically, then physio- 
therapy ultrasound treatments must rely for their 
effectiveness on a non-thermal mechanism, be it from 
direct mechanical vibration, cavitation or streaming. 
Since there is a clear overlap in exposure levels available 
from pulsed Doppler equipment and those levels used 
by physiotherapists in the treatment of patients, it is 
important that the possible mechanisms of interaction of 
ultrasound with tissue are considered carefully for each 
case. A detail investigation of thermal effects and 
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acoustic streaming produced by both types of equip- 
ment will form the basis of a future publication. 

The total absorbed energy depends on the time for 
which the ultrasound beam is applied to a patient. In 
physiotherapy applications, treatment times range from 
5 to 25 min with the transducer being moved over the 
area of interest throughout that time (Benwell & Bly, 
1987). For the physiotherapy ultrasound unit used in 
this study, in common with other units, the treatment 
duration must be selected before commencement. A 
maximum of 19 min is permitted with the Therasonic- 
1032 and after this time the ultrasound output is auto- 
matically terminated. This acts as a safeguard in limiting 
the duration of any single exposure. A similar situation 
occurs in diagnostic radiology where fluoroscopic expo- 
sures are limited in the same way. For pulsed Doppler 
applications, no such safeguard exists, but examination 
times are likely to be shorter, of the order of a few 
minutes at maximum at any one location. 

Throughout this discussion it has been assumed that 
pulsed Doppler equipment is operated under conditions 
that produce the highest exposure levels, whereas in 
practice, it is generally used at reduced power levels 
whenever possible. The rationale behind this is one of 
increased safety and, in particular, of reducing any 
thermal effects. Nevertheless, commercial Doppler 
equipment has the ability to produce higher exposures 
and these levels may be used in a diagnostic examina- 
tion apparently without affecting the patient in any way. 
The question of how ultrasound "works" in physio- 
therapy treatments, what the mechanism of interaction 
is, and hence how it is effective at low intensities remains 
the subject of much study. | 
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Abstract. A screening programme for fetal abnormalities began at The Hillingdon Hospital in July 1986. Second trimester 
ultrasound scans are performed by radiographers. A combined prospective and retrospective study of the ultrasound findings and 
outcome in all pregnancies delivered in 1989-1990 was undertaken. 6412 babies were born during this period, of whom 6183 
(96%) were examined by ultrasound in the second trimester; 29 pregnancies were terminated for fetal abnormality. Of the 89 
fetuses who were abnormal at birth or at induced termination of the pregnancy (1.4%), 84 were scanned in the second trimester. In 
51 cases the abnormality was detected before 22 weeks gestation (sensitivity, 60.7%). 56 of these 84 abnormal fetuses scanned had 
potentially lethal or major handicapping abnormalities of which 41 were detected by ultrasound before 22 weeks gestation 
(sensitivity, 73%). There was one false positive diagnosis of abnormality which did not affect outcome. 6352 babies were normal at 


delivery or on discharge from hospital (specificity, 99.98%). 


About 2% of newborn infants have congenital or gene- 
tically determined abnormalities (Royal College of 
Physicians, 1989). The number of such infants born 
annually in the UK is currently around 14000. In a 
district general hospital with a delivery rate of 3000 
babies per annum, approximately 60 malformed babies 
can be anticipated each year. Congenital abnormalities 
acccount for 20-30% of perinatal deaths (Morrison, 
1985) and 90% of infants with congenital malforma- 
tions and chromosome disorders are born to healthy 
young women with no identifiable risk factors (Royal 
College of Physicians, 1989). 

An ultrasound scan is relatively cheap and safe and 
provides much useful information during pregnancy, 
including gestational age, number and viability of 
ietuses and placental position (Royal College of 
Obstetricians and Gynaecologists, 1984; Wells, 1987). 
The majority of pregnant women in the UK now receive 
at least one ultrasound scan, most of which are per- 
formed by radiographers (Witcombe & Radford, 1986). 

There have been a number of recent reports of the 
ability of pre-natal ultrasound to detect fetal abnormali- 
ties (Nicolaides & Campbell, 1987; Romero et al, 1988; 
Nyberg ei al, 1990). Studies of ultrasound screening of 
low-risk populations have demonstrated the ability of 
scanning to detect between 40% and 85% of fetal 
abnormalities (Campbell & Smith, 1983; Rosendahl & 
Kivinen, 1989; Saari-Kemppainen et al, 1990; Chitty 
et al, 1991; Levi et al, 1991). In particular, three studies 
have shown that 39.4%, 21% and 74.4% respectively of 
malformations were detected before 24, 23 and 24 weeks 
of gestation (Rosendahl & Kivinen, 1989; Chitty et al, 
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1991; Levi et al, 1991) thus allowing parents the option 
of termination of pregnancy. 

This report gives our experience of prenatal ultra- 
sound screening of an unselected low risk population in 
a District General Hospital, the scans being performed 
by radiographers. 


Patients and methods 

Since July 1986 all women booking for ante-natal 
care and delivery at The Hillingdon Hospital have been 
offered a second trimester detailed ultrasound scan 
using standard real-time equipment. No routine bio- 
chemical screening for fetal abnormality is available. 
Approximately 3000 women are delivered annually. 
Scans are performed at 19 weeks gestation by radiogra- 
phers holding the Diploma of Medical Ultrasound and 
who have an average of 4 years’ experience of obstetric 
ultrasound. Supervision is given by a consultant 
Radiologist with wide experience of obstetric ultrasound 
(I.M.S.). 

Scans are performed in the ante-natal clinic to an 
agreed protocol (Table I). Approximately 15 min is 
available for each scan and allows assessment of fetal 
gestational age, viability, number and anatomy and 
placental position. The fetal anatomical check list is 
detailed in Table I and recorded in the obstetric notes by 
the radiographer at the time of scanning. It is important 
to note that during the period of this study only the fetal 
facial profile was examined to detect severe bilateral 
facial clefting. In addition, the presence of limbs was 
confirmed but they were not studied in detail. If the 
fetus is less than 18 weeks gestation on scanning, the 
patient is recalled for a further scan. When the ana- 
tomical check cannot be completed for technical 
reasons, for example unfavourable fetal lie or excessive 
fetal movement, the patient is recalled during the session 
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Ultrasound screening for fetal abnormalities 
Table I. Fetal anomaly scan at 19 weeks 


Measurement of biparietal diameter, head and abdominal cir- 
cumference, femur length, cerebellar diameter and thickness of 
nuchal soft tissues 


Head: anterior and posterior ventricular/hemisphere ratios, 
cerebellum, facial profile and neck, exclusion of intra-cerebral 
cysts and defects in cranial vault 


Spine: longitudinal and transverse sections 

Heart and chest: four chamber view 

Diaphragm: stomach below on left 

Abdominal wall and cord insertion. Three vessel cord 


Exclusion of abdominal masses and cysts. Echogenicity of 
bowel. 


Kidneys and bladder present and normal size 
Limbs present 
Assessment of amniotic fluid volume 


Placental site and appearance 





or on another day. Women are encouraged to bring 
their partners to share the scan experience and radiogra- 
phers are trained to communicate with parents to reduce 
the anxiety produced by screening, as far as is possible. 
All scans are recorded on video tape for later review if 
necessary and there is a facility to allow parents to 
purchase fetal photographs at the time of scanning. If 
no fetal abnormality is found parents are immediately 
reassured. 

When a fetal abnormality is detected or suspected the 
mother is referred for further detailed scanning by a 
radiologist (I.M.S.), in most cases on the same or the 
following day. As indicated in Fig. | if no abnormality 
is found the mother continues in routine care. If an 
abnormality is found, parents are counselled as to the 
findings and prognosis. Some cases are referred to 
tertiary centres for late karyotyping and/or advice on 
diagnosis, management and treatment. Most patients 
return the day after initial counselling for discussion 
with their consultant obstetrician. All pre-natal diag- 
noses of fetal abnormality are followed up by photo- 
graphy, plain film radiography, occasional ultrasound 
imaging of the fetus after delivery and post-mortem 


Table II. Fetal abnormalities where karyotyping is advised 





Abnormality Possible karyotype 
(Trisomy 21, Turner's) 
(Trisomy 13, 18) 
(Trisomy 13, 21) 
(Trisomy 13) 


Abnormal nuchal soft tissues 
Omphalocele 
Dilated upper renal tracts 
Bilateral facial cleft 

other stigmata 
Diaphragmatic hernia 
Pleural effusions 
Duodenal atresia 
Abnormal fetal heart 
Ventriculomegaly 


(Trisomy 18) 
(Trisomy 21) 
(Trisomy 21) 
(Trisomy 13, 18, 21) 
(Trisomy 21) 
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Detailed scan 





Unconfirmed Confirmed 


Incompatible Compatible 
with life 
Other anomalies 
(karyotype) 
Present Absent 
Offer TOP 
Routine care Plan pregnancy 
and 
delivery 
Figure 1. Management of pre-natally diagnosed fetal 
anomalies. 


examination in the event of fetal demise. Fetal material 
is routinely obtained for karyotyping when certain 
abnormalities have been shown (Table II). All newly 
born babies are examined by midwives and paediatri- 
cians prior to discharge from hospital. 

We count as congenital abnormalities all anatomical 
or structural abnormalities present at birth, including 
malformation, deformation, disruption and dysplasia 
(Nyberg etal, 1990) and abnormal karyotype. The 
minor anomalies listed below are excluded (De Wals 
et al, 1984): 


Minor deformity of face or ears 

Club foot of postural origin 

Clicking hip 

Phimosis and hypospadias 

Skin lesions 

Absent or hypoplastic umbilical artery with no other 
abnormality 

Isolated polydactyly and syndactyly 

Functional cardiac murmur 

Uncomplicated spina bifida occulta 

Congenital hernias 


Our various records have been reviewed to ascertain the 
sensitivity and specificity of our ultrasound screening 
programme for the detection of congenital abnormali- 
ties in 1989-1990. 


Results 

The annual number of deliveries at The Hillingdon 
Hospital since 1985 is shown in Table HI with the 
annual totals of abnormal fetuses detected by ultra- 
sound at any stage during the pregnancy and termina- 
tions of pregnancy for fetal abnormality. 1.4-1.894 of 
all babies delivered are congenitally abnormal; the 
prevalence of congenital abnormalities in our health 
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Table HE Hillingdon ultrasound programme 
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Kal area RURAL UU HLMUA LIH RAI AAA ARTTA ERA 


1985 1986 
Total babies born 2860 2843 
Abnormal fetuses detected 4 (0.1474) 12 (0.494) 


Terminations of pregnancy for 
abnormality i 8 
Perinatal mortality rate 12.9 8.8 


1987 1985 [989 1990 

3130 3341 3096 3316 

18 (0.57%) 19 (0.5794) 27 (0.8794) 31 (0.93%) 
12 y 15 14 

1l 7.8 FA: 42 


sette AN ANBIETEN UAR um HA ULUA TUTTA MUN ULLUS HET ULT HHHEALBULOSUTIHUH ALL HL HUI ULÓHRUPHLUUULH ITI UTIUAHULVHIH 


region (North West Thames) in 1989 was 2.3 per 100 
births in a total of 40 189 births. 

A total of 6441 babies were delivered during the study 
period. There were 29 terminations of pregnancy for 
fetal abnormality (Table IV). In 23 (79%) of these cases 
the fetus had a lethal abnormality. 89 fetuses (1.4%) 
were abnormal at birth or at induced termination of the 
pregnancy. One pregnancy, which resulted in the deli- 
very of an infant with spondylo-epiphyseal dysplasia 
and congenital heart disease, was never scanned in our 
hospital as a diagnosis of limb shortening had been 
made elsewhere before booking. A second case of a 
small sacrococcygeal teratoma was also never scanned 
owing to maternal anxiety. Therefore, of the 89 
abnormal fetuses, 87 were scanned at some stage in our 
hospital, and fetal abnormality found in 58 (sensitivity. 
66.7%). 84 abnormal fetuses (Table V) had a detailed 
screening scan before 22 weeks gestation and abnor- 
malities were detected in 51 (sensitivity, 60.7%). 

During the study period, 14 fetuses with abnormal 
karyotype were delivered (Table V), all of whom were 
scanned during pregnancy. Of the 10 cases of Trisomy 
21, six had no detectable anatomical abnormality. Of 
the remaining four cases of Trisomy 21, three were 
detected before 22 weeks by the screening programme. 
Two cases, associated with hydrocephaly and abnor- 
mally thick nuchal soft tissues respectively, were karyo- 
typed. In the third case, a cardiac defect was found at 19 
weeks (atrio-ventricular septal defect), strongly indi- 
cating the possibility of Trisomy 21. The mother aged 45 
refused fetal karyotyping and continued the pregnancy, 
delivering a baby with Down's Syndrome and the 
expected cardiac defect. The fourth case appeared 
normal at 19 weeks, even on review of the video tape, 
and was diagnosed by karyotyping in the third trimester 
following the ultrasound detection of fetal hydrops on 
scanning for an obstetric indication. The three cases of 


Table IV. Termination of pregnancy for fetal abnormality 
1989-1990 


Neural tube defect 12 
Central nervous system | 
Cardiovascular 5 
Skeletal (sarne patient) 2 
Syndrome | 
Cystic hygroma 2 
Multiple abnormalities | 
Abnormal karyotype 5 
Total 29 
MARET E AEE EE A cS S 
566 


Trisomy 18 were all detected before 22 weeks following 
the detection. of fetal anatomical abnormalities (see 
Table V). The single case of triploidy was detected by 
the finding of severe symmetrical fetal growth retarda- 
tion in the second trimester. If the six cases of Trisomy 
2| with no associated anatomical abnormality are 
deducted from the 84 abnormal fetuses screened before 
22 weeks, sensitivity of detection of abnormality 
becomes 65.4% (51 of 78) If the 12 cases of facial 
abnormality and talipes which could not have been 
detected in our screening programme during the study 
period are also excluded, sensitivity of detection of 
abnormality before 22 weeks becomes 77.3% (51 of 66). 

In addition to these seven cases with abnormal fetal 
karyotype, a further 12 abnormal fetuses were karyo- 
typed during pregnancy and the karyotype found to be 
normal. 

During the study period, 56 of the 84 abnormal 
fetuses scanned before 22 weeks had lethal or major 
handicapping abnormalities, of which 41 were correctly 
detected by ultrasound before 22 weeks gestation (sensi- 
tivity, 73%). 

There was one false positive diagnosis of abnormality 
during the study period. A fetus of 19 weeks gestation 
was noted to have a 15mm lesion of the anterior 
abdominal wall, which was thought to be a small 
omphalocele. There was no other fetal abnormality. The 
patient was counselled on the need for karyotyping and 
referred to a tertiary centre where the diagnosis was 
changed to haemangioma of the root of the umbilical 
cord. The lesion became smaller as the fetus grew and 
the baby was normal at delivery, although the cord was 
unfortunately not examined histologically. 6352 babies 
were normal at delivery or on discharge from hospital 
giving a specificity of 99.98%. 

During the study period, there were 73 multiple preg- 
nancies of which two were abnormal. Of the 6366 
women delivered or having termination of pregnancy, 
26 women were referred to tertiary centres for a second 
opinion on diagnosis and/or for fetal karyotyping or 
other investigation or treatment. The diagnosis was 
confirmed in all cases. An additional eight women at 
increased risk of fetal congenital heart disease due to 
maternal diabetes or history were referred to a tertiary 
centre for confirmation of fetal cardiac normality, which 
was given in all cases. Our tertiary referral rate was 
therefore 34 of 6366 (0.594). 

Several cases of minor abnormality were noted in 
addition to the abnormalities detailed in Table V. There 
were four cases of mild dilatation of the renal pelvis, in 
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Table V. Fetal abnormalities in pregnancies screened before 22 


x weeks 





Abnormalities diagnosed 


Abnormalities not diagnosed 





Neural tube defects 

3 spina bifida and 
hydrocephaly 

8 anencephaly (1 twin) 

2 anencephaly and spina 
bifida 

1 encephalocele 


Central nervous system 


2 hydrocephaly i hydrocephaly 

Cardiovascular 

| tricuspid atresia | tricuspid atresia and 
transposition 

| dysplastic tricuspid | truncus 


Lo 


double outlet RV and VSD 
and pulmonary stenosis 


qe 


pulmonary atresia 


i coarctation | total anomalous 
pulmonary venous 
drainage 

1 double inlet, double outlet 


single ventricle 


Pulmonary 
2 diaphragmatic hernia 


dee 


. diaphragmatic hernia and 
bowel malrotation (twin) 
| congenital cystic 
adenomatoid malformation 


(Type 3) 
| pulmonary hypoplasia 

(PROM) 
Face 
2 bilateral cleft lip and palate 3 unilateral cleft lip and 

palate 
| unilateral cleft lip and palate 2 cleft palate 
| cleft lip 


Gastro-intestinal tract 
| omphalocele 
| gastroschisis 


esed 


ileal atresia 


Renal 

| multicystic kidney and PUJ 

2 unilateral moderate 
hydronephrosis 

4 bilateral moderate 
hydronephrosis 


Skeletal 

1 achondrogenesis 4 unilateral talipes 

| unilateral femoral bilateral talipes 
hypoplasia 


rd 


bilateral renal dysplasia 
posterior urethral valves 


ml 


Ra 


Syndrome 
|I Meckel's 


Other 
2 cystic hygroma 
2 multiple abnormalities 


4 multiple abnormalities 
hydrops fetalis 


— 


Abnormal karyotype 

3 Trisomy 18 

omphalocele 

| omphalocele and CHD 
| 


ey 


non-immune hydrops 
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Table V.—continued 





Abnormalities diagnosed Abnormalities not diagnosed 








3 Trisomy 2] 
| hydrocephaly 
| congenital heart disease 
|. abnormal nuchal soft 
tissues 


7 Trisomy 21 
6 normal anatomy 
I fetal hydrops 


| triploidy 
Total = 51 4- 33 —« 84 





RV, right ventricle; VSD, ventricular septal defect; PROM, 
premature rupture of membranes; PUJ, pelviureteric junction 
obstruction; CHD, congenital heart disease. 


two cases bilateral. All were confirmed post-natally and 
are probably within normal limits, according to present 
knowledge. A further six cases had choroid plexus cysts 
which resolved by 26 weeks gestation. All these babies 
are included in the 6352 normal babies delivered and 
have been excluded from the abnormalities in the sensi- 
tivity and specificity calculations. 


Discussion 

There are differing views on the efficacy of routine 
ultrasound screening in pregnancy. Screening enables 
the early detection of multiple pregnancies (Grennert 
etal, 1978), determination of true gestational age 
(Campbell etal, 1985), assessment of fetal growth 
(Rosendahl & Kivinen, 1988), and detection of con- 
genital abnormalities (Campbell & Smith, 1983: 
Rosendahl & Kivinen, 1989; Saari-Kemppainen et al, 
1990; Chitty et al, 1991; Levi et al, 1991). Early studies 
(Bennett et al, 1982; Bakketeig et al, 1984; Neilson et al, 
1984) showed no Improvement in pregnancy outcome 
with routine ultrasound. By contrast, Eik-Nes et al 
(1984) and Waldenstrom et al (1988) showed a decrease 
in the rate of labour inductions in the screened group. 
Waldenstrom etal also found that babies in the 
screened group had higher birth weights relative to 
controls. The failure of all these randomized trials to 
show a significant decrease in peri-natal mortality 
suggests limited sample size according to Thacker 
(1985), poor detection of congenital abnormalities or a 
low rate of termination of pregnancy for fetal abnor- 
mality. A recent controlled study of 9310 women by 
Saari-Kemppainen et al (1990), has shown that peri- 
natal mortality was significantly lower in the screened 
than in the control group (4.6/1000 vs. 9.0/1000) and 
that this 49.2% reduction in peri-natal mortality in the 
screened group was mainly due to improved early detec- 
tion of major fetal malformations leading to termina- 
tion of pregnancy. 

In our study peri-natal mortality was 7.5/1000. Of the 
29 terminations of pregnancy for fetal abnormality, 23 
(79%) were associated with lethal abnormalities (3.6/ 
1000). Of the 48 peri-natal deaths 11 were due to 
congenital abnormality (1.7/1000). In 10 cases this had 
been detected by ultrasound during the pregnancy and 


the parents were counselled with consequent oppor- 
tunity for some emotional adjustment. In six of these 10 
cases the diagnosis had been made before 22 weeks 
gestation and termination of pregnancy refused. We 
therefore believe that ultrasound screening of all preg- 
nancies at 19 weeks gestation has the potential to reduce 
peri-natal mortality by allowing consideration of termi- 
nation of pregnancy for major fetal abnormality. 

In this study eight babies had early neonatal surgery 
with a good outcome in five. In six of these eight cases 
the diagnosis had been made by ultrasound pre-natally, 
in four cases by the screening scan at 19 weeks. This 
suggests that there is the potential for peri-natal 
mortality to be further reduced by appropriate manage- 
ment of the delivery and early neonatal care, when 
abnormality has been detected pre-natally. In the future 
pre-natal treatment of some of these disorders may also 
be possible. 

This study has shown that routine ultrasound 
screening by radiographers at 19 weeks gestation of 
women at normal risk of fetal abnormality has a sensi- 
tivity of 60.7% in detecting all abnormal fetuses, 
including those with abnormalities at the more minor 
end of the spectrum and those with abnormal karyotype 
without structural abnormality. The sensitivity of detec- 
tion of lethal or major handicapping abnormalities was 
73%. Specificity was 99,9894. 

There are no other studies in the literature which 
allow direct comparison of results, as there are differ- 
ences in the reporting of congenital abnormalities. 
Campbell and Smith (1983) reported the detection of 
8594 of major fetal anomalies between 1978 and 1983 in 
à unit with a special interest in obstetric ultrasound. The 
study of Rosendahl and Kivinen (1989) ran from 1980 
to 1988 and reported a sensitivity of detection of fetuses 
with major malformations of 41.7% by ultrasound at 18 
weeks gestation and specificity of 99.9%. Sensitivity 
rose to 63.8% when a second scan at 34 weeks gestation 
was added. Saari-Kemppainen etal (1990) found a 
sensitivity of detection of 76.9% of major fetal abnor- 
mality m one of the two hospitals in the Helsinki trial 
between 1986 and 1988. Levi et al (1991) have published 
the results of the Belgian Multicentre Trial (1984-1989) 
in which scanning between 12 and 20 weeks had a 
sensitivity of detection of abnormality of 21%. When 
later scans were added sensitivity of detection rose to 
40.4%, The specificity was 99.9%. Most recently Chitty 
et al (1991) have reviewed the efficacy of routine ultra- 
sonography for detecting fetal structural abnormalities 
in a low risk population in a British District General 
Hospital. The sensitivity of detection of fetal structural 
abnormality by ultrasound before 24 weeks gestation 
was 74.4%. This study did not include babies with 
abnormal karyotype but no structural abnormality in 
the sensitivity calculations. From the data given, if these 
15 babies are added, sensitivity of detection of fetuses 
with congenital abnormality was 66% in this study. 

Levi et al (1991) have described the criteria which 
routine ultrasound screening must meet. These may be 
summarized as: 
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The sensitivity must be high enough. 

The specificity must be high. 

Patients should find it comfortable and convenient. 

it must be safe for mother and fetus. 

Effective therapy should be available for problems 
detected. 

It should be cost effective. 


We suggest that the sensitivity and specificity of our 
programme are sufficiently high for screening purposes. 
Analysis of abnormalities not detected by screening 
scans at 19 weeks in our study suggests that the detec- 
tion of a further 15 abnormal fetuses might have been 
possible with our current extended protocol. Therefore, 
we disagree with the recent conclusion of Pitkin (1991) 
that ultrasound seems to be of little potential as a means 
of screening for congenital malformation because of 
relatively low sensitivity. We agree that the cost effecti- 
veness of programmes like ours has not yet been proven 
and hope to study this soon. 

Could the results of this study and that of Chitty et al 
(1991) be obtained in other District General Hospitals 
in the UK? With appropriate training for radiographers 
and supervising doctors and the necessary equipment 
and conditions of work, we think that the answer is 
probably yes. Since most patients are already being 
scanned by radiographers (Witcombe & Radford, 1986), 
there is the potential for a national screening pro- 
gramme in the future. However, since a fetal anatomical 
survey adds approximately 10 min to each scan, further 
resources would be required. Studies of the effectiveness 
of programmes like ours, including cost benefit analyses, 
are urgently needed. 
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A study of "" aucun between routine ultrasound s 
quality assurance parameters and subjective operator image 
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Abstract. Comparisons have been made between a number of routine quality assurance (QA) measurements and a number of 
related subjective aspects of image quality. These comparisons between lateral resolution and perceived definition, dynamic range 
and subjective grey-level assessment, and slice thickness and overall image quality appraisal showed very poor correlation. We 
deduce from this that other QA parameters are needed to quantify good image quality as defined by the operators. 


Ultrasound quality assurance (QA) techniques have 
been reported widely for many years, and many groups 
have suggested protocols (American Institute for 
Ultrasound in Medicine and Biology (AIUM), 1974; 
Brendel et al, 1976; Goldstein, 1980; Banjavic, 1983; 
international Electrotechnical Commission (IEC), 
1986). Comments on the identification and nature of 
appropriate parameters have also been published (Powis 
& Powis, 1984; DHSS. 1987) and these have cited high 
resolution and wide dynamic range as being funda- 
mental requirements for good image quality. The most 
recent development has been the publication of a British 
Standard, BS 5724 (British Standards Institution (BSD, 
1990), which relies heavily on the principle of tissue- 
mimicking test objects and identifies a number of quan- 
tities such as penetration, dynamic range, resolution, 
dead zone and magnification error as being important. 

However, assessment of the efficacy and relevance of 
ultrasound QA procedures is rare. One example is the 
work of Donofrio et al (1984), who looked at the effecti- 
veness of a number of QA tests in the diagnosis of 
scanner malfunction. An “Ultrasound Equipment 
Evaluation Project" (JEEP) report (Common Services 
Agency (CSA), 1991) explored the relationship of tech- 
nical tests to clinical assessment, but this was specific to 
cardiac ultrasound scanners and did not compare indivi- 
dual parameters. Hill et al (1991) have recently reviewed 
the physical factors responsible for ultrasonic image 
formation and compared them with knowledge in the 
fields of visual physiology and psychophysics. They 
concluded that echography may benefit from the 
application of some of this knowledge and the use of 
some parameters developed in these fields. 

In this study, we have examined the correlation 
between objective QA parameters, as specified by BS 
5724 (BSI, 1990), with a number of subjective assess- 
ment parameters. In order to reduce some of the varia- 
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bilities inherent in any subjective evaluation, the study 
has been restricted to assessment of specific aspects of 
the quality of a number of images. These images, of the 
same anatomy of a normal volunteer, were obtained by 
only two experienced operators on a number of systems, 
using normal scanning procedures. These images have 
been evaluated by 43 ultrasound users. The results of 
this subjective evaluation were then compared with QA 
measurement results carried out on the same scanners. 


Methods 
Subjective image assessment 

Images were acquired by two experienced operators 
from a normal female volunteer. Two anatomical 
regions were scanned: the liver and right kidney © 
la) and the uterus (Fig. 1b). The first image obtair. 
each case was used as a reference and the operat 
to replicate that anatomical section as closely as p: 
on all subsequent scans. Within this constraint * 
operator was asked to obtain the "best" image ust 
their own subjective judgment. A total of nine scanners. ~ 
was used and a selection of the available transducers — 
employed where appropriate. This gave a total of 14 
different scanner/transducer combinations. 

The liver and uterus images were digitized and stored 
using a video frame grabber (PCVISIONp/us, Imaging 
Technology, Woburn, MA) controlled via a model 286 
PC. The frame grabber has dual 512 x 512, 8-bit frame 
stores, and a digitization rate of 10 MHz. Gain and 
offset adjustments were used to ensure that the same 
peak white and background black were maintained for 
all scanners. The same hard-copy device (with constant 
settings) was then used to obtain transparencies of the 
images on standard radiographic film. It is apparent 
that the range of echo brightness levels obtained from 
different scanners is quite. variable. The possibility. of 
operator inconsistency cannot be ruled out, but it was 









The British Journal of Radiology, July 1992 


QA parameters and subjective image assessment 


(a) 
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(b) 


Figure 1. A selection of typical images presented for subjective assessment showing (a) the liver and kidney and (b) the uterus of a 
normal volunteer. Note: The grey-level brightness levels are not faithfully reproduced in the photographs used for this figure 


felt that the procedures adopted minimized such varia- 
tions. The transparencies presented to each observer 
contained images from several scanners and therefore it 
is assumed that each image was viewed under the same 
conditions. The possibility of different viewing condi- 
tions between observers was not allowed for, but it is 
nlikely that this would introduce any systematic 
ichine bias. 
f the images obtained, 20 were chosen (12 uterus 

4 eight liver images) to represent a cross-section of 
„anners (ranging in age from about 10 years to just a 
few months) and transducers used (including mechani- 
cal sectors and electronic curved, phased and linear 
arrays). These 20 images were then presented in a ques- 
tionnaire in which participants were asked to rate the 
images in terms of a number of parameters (discussed 
later) 

The questionnaire 
requesting information regarding (i) level of experience; 
(11) details of scanner use and operator assessment; (iii) 
assessment of the images presented; and (iv) other 
comments. For this study, only data from sections (i1) to 
(iv) were required, although further work is planned to 
examine the possible influence of operator experience. 

The scanners and images were assessed in terms of the 
following categories 


consisted of four sections 


Overall image quality; 
Definition/resolution: 


No. 773 


! ol 65. 


Range of grey levels; 
Noise and artefact: 
Graininess, 


These categories were selected following preliminary 
discussion with ultrasound users to determine subjective 
performance evaluators. Therefore no attempt was 
made to produce precise definitions of these terms and 
this remains an important area for future investigation 

Overall image quality was included to record the 
participant's general impression of the image. This was 
the baseline category to determine if the image was 
considered "good" or "bad"; the subsequent categories 
were used to explore the basis for this judgment 

Definition and resolution are considered by some to 
be synonymous. Resolution is thought to be important 
in determining visibility of fine detail and. small struc- 
tures, but definition is perhaps a much broader para- 
meter describing detectability, particularly of 
(Rosenfeld & Thurston, 1971) 

Range of grey levels was included as a category to 
cover the effects of contrast, dynamic range and transfer 
curve characteristics, which are thought to be important 
for diagnoses of tissue pathology. 

Noise and artefact and "graininess" (a term used to 
describe speckle texture) were included as other features 
that may determine image quality, but are not common 
QA parameters and so are not analysed as part of this 
initial study. 


edges 


Low. Attenuation 


Figure 2. The Cardiff Grey-scale Test 
Object showing tdentification of N, and N, 
steps on a typical image. 


Penetration, although a common QA measurement, 
was not included as a category because it was con- 
sidered unlikely to be a major contributing factor to 
operator assessment. The work of Donofrio et al (1984) 
supports this view. Calliper accuracy and dead zone 
were also excluded for similar reasons. 

The participants were asked to rate performance in 
each of the above categories on a 5-point scale: 5, very 
good; 1, very poor. 


Routine QA measurements are conducted on ultra- 
sound scanners throughout west Leeds using Cardiff 
Grey-scale and Resolution Test Objects (Gammex RMI, 
Nottingham). These measurements are performed by a 
single operator who was not involved in the acquisition 
or subjective assessment of the ín vivo images. Records 
of QA results were therefore available for the scanner/ 
transducer combinations used for the questionnaire 
images. The parameters routinely measured include: 
penetration, dynamic range, dead zone, slice thickness 
and lateral and axial resolution. The measurement 
methods used are similar to those described in BS 5724 
(BSI, 1990! except that all measurements are made at 
"scanning gain settings" (to give an even mid-grey 
speckle to the maximum penetrable depth when imaging 
an homogeneous region of tissue-mimicking material). 
These settings were not identical to those used for the in 
vivo images, but the mean speckle pattern brightness 
was similar to that obtained from parenchymal echoes. 
The "7094 dark threshold" criteria required for 
"measurement gain" settings has been found difficult to 
implement reproducibly and is considered not represen- 
tative of clinical settings. 

Of the parameters measured, it was suggested that the 
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following correlations may be expected with the subjec- 
tive categories assessed in the questionnaire: 


i. Dynamic range measurement: "range of grey levels" 
assessment. 

2. Lateral resolution 
resolution assessment. 

3. Slice thickness measurement: overall image quality 
assessment. 


measurement: — definition/ 


The reason for the first two comparisons was to check 
the commonly held belief that these subjective and 
objective parameters are linked. The decision for inclu- 
sion of the latter comparison follows a recent UEEP 
report (CSA, 1991). This was aimed at evaluating car- 
diac ultrasound scanners (both subjectively and objec- 
tively) and concluded that slice thickness was a 
significant factor in distinguishing good image quality in 
such machines. We were interested to see if this applied 
to other, more general ultrasound systems. 

The dynamic range, lateral resolution and slice thick- 
ness for each scanner/transducer combination under test 
were recorded and each was scored using a system 
described below. 

Dynamic range was recorded as the number of N, and 
N, steps visualized under the low- and high-attenuation 
inserts of the Cardiff Grey-scale Test Object, respec- 
tively (Fig. 2). These numbers are converted to a 
dynamic range expressed in decibels using the following 
equation: 


Dynamic range = N,(1.4f+0.3)+ N,(0.6f+ 0.1) dB 


where fis the measured peak frequency (in MHz) of the 
pulses generated by the ultrasound system, found by 
spectrum analysis. 

Lateral resolution and slice thickness were scored 


The British Journal of Radiology, July 1992 





QA parameters and subjective image assessment 


* 
* + * * 
. * 
. a * 


- 
* 


i à é 
Resolution: - 
wires . E : 
| t. d 
É i 
i A m 
Q1 28mm separation 2 Sikes imaged 


. 2.5rhm separation 
. Siar separation 1 Sice’ imaged 


{a} Arrowhead Configuration 
3 ces imaged 


tb} End View of Slice Thickness Wires 


according to the range of depths over which resolution/ 
slice thickness was x3 mm. Lateral resolution is 
assessed using the arrowhead arrangements of wires in 
the Cardiff resolution test object (Fig. 3a) and is esti- 
mated to +1 mm depending on the separation perceived 
between imaged wires. Local tests have shown that 
inter- and intra-observer reproducibility is adequate for 
this method. Slice thickness is recorded as the maximum 
number of “slice thickness wires" (Fig. 3b) imaged at a 
number of depths. The wires are positioned 3 mm apart, 
therefore allowing slice thickness to be quoted in milli- 
metres (e.g. | wirez «3mm; 1-2 wires z 3mm; 2 
wires z 3-6 mm). 


Results and discussion 

Comparisons of lateral resolution vs. "definition", 
dynamic range vs. "grey levels" and slice thickness vs. 
"overall image quality" all showed poor correlation 
(Fig. 4). 

It was expected that the lateral resolution would be 
strongly correlated with "definition" as this is often 
considered to be an important factor in determining 
perception of detail. It is possible that the interpretation 
of “definition” was not the same for all observers, 
although the relative consistency of the responses (stan- 
dard error typically, 0.12, see Fig. 4a) indicated that this 
was not the case. It is likely that parameters other than 
resolution, such as edge detection algorithms, contrast 
and noise, contribute to the overall perception of defini- 
tion. The quantification of these parameters would 
therefore seem to be a reasonable objective for further 
work in this area. The relationship between spatial 
resolution and the perception of speckle may also merit 
further study. Good resolution tends to be associated 
with a fine speckle pattern (Wagner et al, 1988) and it 
might be hypothesized that this makes the image appear 
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Figure 3. The Cardiff Resolution Test 
Object showing groups of wires used for 
measurement of (a) lateral resolution 
(arrowhead configuration) and (b) slice 
thickness. 


too "grainy" or "noisy". In clinical practice, temporal 
smoothing of the ultrasound image, to reduce the graini- 
ness of the speckle pattern, may be preferred despite loss 
of spatial information. 

The correlation between dynamic range and assess- 
ment of grey levels was found to be even poorer (Fig. 
4b). This is not surprising as dynamic range is just one 
feature of the grey-level characteristics of a system. 
Grey-level transfer curves are therefore currently being 
evaluated to try to quantify other characteristics that 
correlate better with the users’ grey level assessment. 
Further work is also proposed to investigate whether 
increased dynamic range systems are also more suscept- 
ible to electronic noise, therefore compromising image 
quality. — 

The correlation between slice thickness and image 
quality reported in the recent UEEP survey (CSA, 1991) 
was not confirmed in this assessment of general purpose 
scanners used for imaging abdominal organs (Fig. 4c). 
Good spatial resolution is of great importance for ultra- 
sound cardiac studies and most modern cardiac 
machines generally have good lateral and axial resolu- 
tion although the slice thickness is perhaps more vari- 
able. In ultrasound examination of the abdomen, it is 
important to image the grey-scale characteristics of soft- 
tissue organs and contrast resolution is a more signifi- 
cant factor. Contrast resolution may not be linked with 
shce thickness and this could account for the discre- 
pancy in results between this study and the UEEP 
report. 

Further work is needed to see if some measure of 
overall image quality can be found for other ultrasound 
cases. In particular, the possible contribution of 
contrast-detail measurements (Smith et al, 1985) should 
be examined. Hill et al (1991) suggest that factors used 
in image science may be useful, and specific mention is 
made of the "modulation transfer function area" 
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(MTFA) parameter, which has been successfully used 
elsewhere. 


Conclusions 

The hypothesis that measurements of resolution 
(including slice thickness) and dynamic range are neces- 
sary and sufficient components for assuring ultrasound 
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Figure 4. Scatter plots of objective QA measurements vs. 
subjective image assessment categories. (a) Lateral resolution 
measurement vs. "definition" assessment; (b) slice thickness 
measurement vs. "overall image quality" assessment; (c) 
dynamic range measurement vs. "range of grey levels" assess- 
ment. A single vertical error bar is shown in each graph 
representing +2 standard errors, typical of all points. 


image quality is not supported. Although these are 
undoubtedly important characteristics, the results 
obtained in this study suggest that they are not adequate 
to describe good image quality as perceived by the 
operator. It would appear that more (or perhaps 
different) parameters are needed for quality assurance. 
There is a need for further work to identify appropriate 
parameters and measurement methods. 
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A role for ultrasound in limb lengthening 
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Abstract. The distraction gap at eight sites in six patients undergoing limb lengthening was monitored by both standard 


radiographs and ultrasound. Using the measurements obtained we were able to assess the rate and quality of callus formation at 
the distraction site, something that radiographs alone do not enable one to do. We suggest that ultrasound has a valuable role to 


play in gauging the optimum rate of lengthening for a particular patient and commend it as a technique to complement 
radiographs in the follow-up of the increasing numbers of patients undergoing distraction osteogenesis 
An increasing number of patients now present to ortho- 10 MHz or 7.5 MHz transducer were performed at 


paedic surgeons with short stature or unequal leg regular intervals as described by Young et al (1989). 
lengths in the hope of benefiting from limb lengthening Measurements were made of the gap between the 
procedures, which have become more popular with 
improvements in their success rate. The technique 
pioneered in Russia by Ilizarov is now widely used in 
Europe and America. This method involves stabilizing 
the limb with an external fixation frame and dividing the 
bone. After a post-operative period of 5-14 days, 
controlled distraction of the bone ts produced by the 
external frame usually at a rate of 1 mm per day. The 
distraction is continued until the required length is 
achieved, and then a period of consolidation allows the 
new bone to strengthen 

Accurate imaging is required to monitor this process. 
[raditionally, radiographs have been used to monitor 
new bone formation and measure the bone gap at the 
corticotomy site; however, callus formation in the bone 
gap is typically not seen on radiographs within the first 
month and in some cases considerably longer (Fig. 1). 
This limitation results in uncertainty during the initial 
stages of the procedure as to the success and appro- 
priate rate of the osteogenesis. The clinician, therefore, 
cannot tell whether good quality. bone is forming and 
he/she may stop, slow down or even reverse the 
lengthening, or conversely proceed at too rapid a rate. 

I his study was designed to evaluate the role of ultra- 
sound during limb lengthening with the aim of opti- 
mizing the procedure in terms of duration and outcome. 


Materials and methods 

We studied eight lengthening gaps in six patients, four 
males and two females, with ages between 8 and 28 
years, who were undergoing limb lengthening by the 
Ilizarov technique. The indications for limb lengthening 
procedures were post-traumatic growth arrest (1), 
Ollier’s disease (1), infantile bone infection (1), con- 





genital hemiatrophy (2) and adult bone infection (1). Figure 1. Radiograph of distraction site with minimal callus 
Ultrasound examinations of the distraction site using a formation 
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Figure 2. Sonographic appearance of distraction site showing a 
uniform lamellar pattern of echoes. The markers indicate the 
margins of mature callus. 





distraction. site 


Figure 3. Sonographic appearance of the 
showing a small area of reduced echogenicity resulting from 
early cyst (C) formation 
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Figure 4. Diagram to illustrate the relationship between the 
native bone ends, mature callus and the ultrasound gap 


margins of maturing callus, which is seen as a well 
marginated reflective zone (Fig. 2). A note was made ol 
the presence and size of any low-reflectivity 
thought to be fluid-filled cysts (Fig. 3). Radiographs 
were also obtained and the gap between the native bone 
ends measured by placing a radio-opaque ruler in the 
same plane as the bone. The measurements obtained 
were displayed graphically, the bone gap and the ultra- 
sound gap being plotted against time since the opera- 
tion. The ultrasound gap was subtracted from the bone 
gap and this was judged to indicate the amount of new 
bone produced (Fig. 4) and this was also plotted against 
ume. Ultrasound assessment was continued during the 
consolidation period after the distraction had ceased 


arcas 


Results 

All the patients showed an initial lag phase before the 
production of measurable callus. During this phase the 
measurement of the gap on ultrasound and that between 
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Figure 5. Diagram to illustrate progressive callus formation 
with increasing gap between the native bone ends 
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Figure 6. Graph from a patient in whom the rate of callus formation parallelled the rate of bone lengthening. 


the native bone ends was the same. After this period it 


was not possible to detect the original bone ends as the 
callus had now matured sufficiently to be reflective. 
Usually the lag phase was of the order of 10 days but, in 
the three patients that had delayed healing, a prolonged 
lag period in excess of 25 days of lengthening was 
found. After the initial lag period the measurements 
obtained on ultrasound differed from the gap between 
the native bone ends as seen on the radiograph, the 
difference being the amount of mature callus that had 
formed (Fig. 5). The rate that this callus formed fell into 
three groups: 


|l. Equal rates of callus formation and limb lengthening 
(Fig. 6). Four lengthening sites displayed this 
optimum pattern. All these sites healed well with the 
frames in place for a minimum length of time. 

2. Rate of callus formation less than rate of limb 
lengthening (Fig. 7). Three sites fell into this cate- 
gory. For two of the three sites the rate of limb 
lengthening had to be reduced from 1 mm to 0.5 mm 
a day. The frame had to be on for a prolonged period 
of time both during the lengthening phase and during 
the consolidation phase. Cysts were detected in two 
of these patients. 

3. Rate of callus formation faster than limb lengthen- 
ing. The rate of limb lengthening of one patient had 
to be reduced and even stopped at one stage because 
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of pain and stiffness of the soft tissues. The rate of 
callus formation in this patient exceeded the rate of 
limb lengthening. 


Discussion 

In this study serial ultrasound examinations enabled 
the gap between the margins of the corticotomy or 
mature callus to be measured quickly and accurately. 
The quality of maturing callus was assessed and judged 
to be good if there was a uniform lamellar pattern of 
echoes and no echo-free regions. This concurs with the 
findings of Blane et al (1991). As in our studv, areas of 
decreased echogenicity in the ultrasound gap were 
found by Young et al (1989). They aspirated these and 
found them to be fluid-filled cysts, the aspiration. of 
which they felt improved osteogenesis. In this study we 
found that the smaller cysts disappeared by stopping or 
reversing distraction for | week. 

To obtain a satisfactory result during the distraction 
osteogenesis, the rate of callus formation should parallel 
the rate of bone lengthening. The four sites that 
achieved satisfactory bone lengthening had such curves. 
There were three sites in which the outcome was deemed 
to be unsatisfactory. In these cases there is a prolonged 
lag period and the curve of callus formation is seen to be 
shallow, i.e. too slow a rate of callus formation for the 
rate of bone lengthening. Three patients who had such 
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prolonged lag period 


curves were also the ones to develop cysts within the gap 
(Fig. 8). When such results are seen to be developing, 
the rate of distraction needs to be slowed. It is hoped 
that this will enable the optimum rate of lengthening to 
be chosen before cysts have had a chance to develop. 
and therefore pre-empt the problem of poor quality 
callus formation. Finally, in one patient the rate of 


14:32 31 
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callus formation was seen to be faster than the rate ol 
distraction. Too slow a rate of distraction may result in 
premature consolidation and failure to achieve the 
target increase in length. However, the patient in our 
study did not suffer this complication, and it may be 
that so long as an ultrasound gap of sufficient width is 
maintained, premature consolidation will not occur 





Figure 8. Serial ultrasound pictures from the patient illustrated in Fig. 7 (all same magnification) showing progressive enlargement 
of a cyst (C). from 4 mm to 22 mm, within the gap indicating poor quality callus formation 
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Radiographs may not show any evidence of callus 
formation in the first 4 weeks of lengthening, sometimes 
longer, whereas following a relatively short lag period 
we found that ultrasound can indicate whether callus is 
forming satisfactorily. Radiography is still required at 
intervals during distraction to ensure that there is no 
angulation at the lengthening site; however, the 
number of films can be reduced. 

Ultrasound thus provides a means of monitoring the 
quality and the rate of new bone production from the 
time of the initial corticotomy. The distraction can thus 
confidently proceed, the rate can be optimized, and the 
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time that the patient has to wear the fixator minimized. 
It is a valuable technique, which complements radio- 
graphy in the follow-up of patients undergoing limb 
lengthening procedures. 
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Abstract. Many series suggest that ultrasound is an accurate method for demonstrating cholelithiasis. However, these series were 
often prospective and the examinations performed by experienced sonographers. This audit addresses whether the accuracy is 
maintained in daily practice. We reviewed the ultrasound scans of 128 patients who underwent cholecystectomy for cholelithiasis 
and compared the findings. The operative and ultrasound findings were at variance in eight of the 128 patients (6.227). Five were 
reported as having gallstones on ultrasound but none were found at cholecystectomy, a false positive rate for ultrasound of 3.977. 
Three had abnormal gallbladders with no gallstones on ultrasound but gallstones were found at operation, a false negative rate of 
2.3%. To avoid false positive diagnoses, suboptimal examinations should be repeated and the scan should be repeated immediately 
pre-operatively if only small calculi are seen. Alternative imaging should be performed if necessary, either cholescintigraphy in the 
acute situation or elective oral cholecystography. Some false negative examinations may be avoided by performing repeat 
examinations if the gallbladder is thick-walled and tender. With these provisos we conclude that ultrasound correctly diagnoses 


cholelithiasis in daily practice. 


In the Royal Infirmary of Edinburgh, ultrasound is used 
as the standard pre-operative investigation in patients 
presumed to have cholelithiasis. It was suggested to us 
by one general surgical unit in the Royal Infirmary that 
on occasion there is some disparity between the ultra- 
sound findings and those of cholecystectomy. We there- 
fore reviewed the published literature and performed an 
audit of our own results. 

Cooperberg & Burhenne (1980) first suggested that 
real-time ultrasound was the diagnostic technique of 
choice for calculous gallbladder disease. In 313 patients 
they achieved an accuracy of 9677. They reported five 
false negative results, one definite false positive result 
and two others as possible false positives; six examina- 
tions were inadequate. Other published series also quote 
an accuracy of 9677 or greater (Crade et al, 1978; Hessler 
et al, 1981). However, often these figures relate to 
prospective series where the examinations are performed 
by a senior, highly motivated sonographer. In our retro- 
spective review, we sought to audit the daily practice of 
an ultrasound department where sonographers of 
varying experience are scanning routine and emergency 
referrals. 


Methods 

Using the Lothian Surgical Audit database, every 
patient who had undergone cholecystectomy for chole- 
lithiasis in one general surgical unit in the Royal 
Infirmary of Edinburgh between March 1988 and 
March 1991 was identified. Individual patient case notes 
and copies of the pre-operative ultrasound reports were 
reviewed. The ultrasound findings, the grade of the 
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radiologist performing the scan and operative details 
were noted. The ultrasound scanners used were an 
Acuson 128, a Siemens AC or a Siemens Sonoline SX 
using 3.5 or 5 MHz transducers. 

In cases where the ultrasound report was found to be 
at variance with the findings at cholecystectomy, the 
report and hard-copy films from the scan were reviewed 
by a consultant radiologist (P.L.A.). The pathologists 
report on the excised gallbladder was also reviewed. 


Results 

A total of 144 cholecystectomy patients were 
reviewed. Of these, 35 were male and 109 female: seven 
were emergency operations. 128 had pre-operative ultra- 
sound scans performed (see Table I). Of the others, 14 
underwent oral cholecystography and two had calcified 
gallstones noted on plain radiographs. 


Table I. Comparison of the ultrasound detection of gallstones 
with the findings at cholecystectomy 





Ultrasound 
Stones No stones 
Cholecystectomy 
Stones 115° 3 
No stones 5 
Total 120 


“ At cholecystectomy, two of these patients had no stones in 
the gallbladder but stones were found in the common bile duct. 
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Figure 1. False positive ultrasound 
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[here was a false positive rate lor ultrasound of 5.4%, 
(7/128) for calculi in the gallbladder and a false negative 
(3/128). In two of the seven false positives, 
however, though there were no calculi in the gallbladder, 
calculi were found in the common bile duct at surgery. It 
is considered likely that these stones had migrated in the 
interval between ultrasound and surgery, the interval 
and 21 days in the other 


"n 3 
rat cyl $ 


being 10 davs in one casi 


Therefore, excluding these as false positives because of 


the presence of gallstones, the revised false positive rate 
1^ 


was 199. (5/128). The overall error rate for this audit ts 


6.2?" (8/128) 

Of the 128 pre-operative scans performed, 65 were 
performed by consultants, 48 by senior registrars and 15 
by re Of the erroneous scans, three were per- 


consultant radiologist, four by à senior 


gistrars 


lormed Dy a 





A small reflec- 
; present in the gallbladder, which may or may 


Figure 2. False positive ultrasound examination 
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Figure 3. False positive ultrasound examination. Only sludge is 
scen to be present in the gallbladder; an error may have been 


made. 


registrar and one by a registrar. Respectively, 4.6% (3/65) 
of the consultants’ scans were erroneous, 8.3%, (4/48) of 
the senior registrars’ and 7% (1/15) of the registrars’ 
These results were not statistically significantly different 
by a y^ test. 

Ihe hard-copy films of the incorrect scans and the 
pathology reports on the excised gallbladders of those 
patients were reviewed. All five of the false positives had 
chronic cholecystitis. The hard-copy films of three of the 
five patients were available. In one, an opacity that had 
definite characteristics of a gallstone was present (Fig. 1). 
The common duct was dilated at 14 mm and, though the 
interval between ultrasound and operation was only one 
day, it was possible that the stone had been passed. In 
the second case, a small opacity without an acoustic 
shadow was present, which had been interpreted as à 
gallstone (Fig. 2). In the third, sludge and calculi were 
reported but only sludge was present on review (Fig. 3). 

The three false negative examinations were all in 
acutely ill patients and, though no gallstones were seen, 
all three gallbladders were reported as abnormal and 
dilated. In addition, one was commented on as having à 
thick and oedematous wall, one as being tender with a 
thick wall, and one as tender and oedematous. The first 
two patients were given the diagnoses of acute cholecys- 
titis (Fig. 4) and acalculous cholecystitis, respectively; the 
third was given no specific diagnosis. Thus, although no 
gallstones were identified, the site of the patient's patho- 
logy was correctly identified and appropriate surgery 
performed 


Discussion 

Ultrasound is commonly used as the imaging investi- 
gation of choice in calculous gallbladder disease 
(Cooperberg & Burhenne, 1980) and is used routinely in 
our department. It is convenient and safe (merely 
requiring an 8 h patient fast and involving neither radia- 
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Figure 4. False negative ultrasound examination. At ultrasound 
no gallstones were identified but the gallbladder was described 
as being oedematous and thick-walled and the diagnosis of 
acute cholecystitis was given 


tion nor drugs), can be extended to visualize the biliary 
tree and other upper abdominal organs, and is accurate. 
This accuracy has been determined previously and has 
been reported as 96%, or greater, but these were mostly 
prospective studies in which the examinations were 
performed by highly experienced — sonographers 
(Cooperberg & Burhenne, 1980; Crade et al, 1978; 
Hessler et al, 1981). Our audit of the day-to-day work in 
a department where both emergency and elective 
patients are scanned by sonologists of varying experi- 
ence gave an overall error rate of 6.2% for patients 
coming to surgery. This compares favourably with the 
previously reported series and confirms the ability of 
ultrasound to correctly diagnose cholelithiasis. 
However, the audit only includes patients coming to 
surgery and no information is available on those false 
negative results where gallstones were missed on ultra- 
sound and no surgery has been performed. 

In our series we diagnosed gallstones in five patients 
where no gallstones were found at cholecystectomy. 
These false positive diagnoses must be avoided (Hessler 
et al, 1981) as unnecessary surgery may be performed. 
They may arise because gallstones are passed in the 
interval between ultrasound and surgery. They may also 
arise because of the mistaken identification of other 
structures, such as the spiral valve of Heister, polyps or 
folds in the gallbladdder wall, as calculi. Technically 
difficult examinations, such as in obese or ill patients, 
can result in inadequate, erroneous examinations. Thus, 
an optimal ultrasound examination should be per- 
formed when the patient is adequately fasted and can be 
moved into different positions. It may also be prudent to 
repeat the ultrasound immediately pre-operatively if 
there is an interval of several days between the scan and 
operation, especially if only small calculi are seen 
initially (Cooperberg & Gibney, 1987). If doubt still 
persists as to whether highly reflective foci are calculi or 
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not, an alternative imaging investigation should be per- 
formed; in an elective situation oral cholecystography is 
recommended. This has recently been reported as having 
a detection rate for biliary calculi differing little from 
ultrasound (Gelfand et al, 1988), although it requires 
more rigorous patient preparation, the ingestion of 
contrast medium and the use of radiation. In a patient 
presenting as an emergency with the suspected diagnosis 
of acute cholecystitis and in whom the ultrasound ts 
equivocal or suboptimal, cholescintigraphy is the alter- 
native imaging technique of choice. Failure of uptake by 
the gallbladder confirms cystic duct obstruction and is 
strongly suggestive of acute cholecystitis (Samuels et al. 
1985). 

In our three patients with false negative diagnosis of 
calculi, all three gallbladders had been reported at ultra- 
sound as abnormal, with dilatation, thickened, oedema- 
tous walls and tenderness. A recent paper (Ekberg & 
Weiber, 1991) has recognized the clinical importance of 
thick-walled, tender gallbladders without stones on 
ultrasound. In their series of 31 patients, follow-up was 
available in 28. They reported that further imaging (oral 
cholecystography, intravenous cholangiography or 
ultrasound) demonstrated calculi in 14 patients. Thus, to 
avoid some (possibly 50%) of false negative diagnoses, 
when the gallbladder is abnormal but no stones are seen, 
either a repeat examination at a later date or an oral 
cholecystogram will be helpful. 

We conclude from this audit that ultrasound, as per- 
formed daily in our department, correctly diagnoses 
cholelithiasis. It should remain the diagnostic imaging 
technique of choice. However, if false positive diagnoses 
are to be avoided, the examination should be adequate, 
repeated if necessary and, if doubt persists, oral chole- 
cystography or cholescintigraphy should be performed 
as indicated. Some false negative diagnoses may be 
avoided by repeating the scan or performing an oral 
cholecystogram if, at the initial examination, no stones 
are demonstrated but the gallbladder is tender and 
thick-walled. 
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Abstract. Bowel necrosis is a serious condition with a very high mortality rate. The earlier the diagnosis is made, the better 
chance for survival. Ultrasound is a primary imaging technique in the diagnosis of the acute abdomen. Three cases are presented 
in which bowel wall gas could be demonstrated on ultrasound. In all cases there was computed tomographic and either operative 


or post-mortem correlation. In each case there was a "bright ring" 


appearance of the affected bowel when the ultrasound 


examination was carried out in transverse section. In one case, small bubbles were seen arising from the deep surface of the bowel. 


Bowel infarction is an illness resulting from diverse 
pathological conditions and results in necrosis of the 
intestine, which is uniformly fatal if left untreated (Sak 
& Aldrete, 1984). It is one of the common causes of 
abdominal crises in the adult population and the inci- 
dence is increasing along with the mean age of the 
population. It currently accounts for about one in every 
1000 hospital admissions in the USA and has a very 
high mortality rate (Singh et al, 1975). Diagnosis by 
clinical and radiological examination is often difficult, 
and diagnosis and effective treatment remain chal- 
lenging problems. Bowel wall gas in the correct clinical 
setting is accepted as being highly suggestive, if not 
diagnostic, of intestinal necrosis. This diagnosis is rarely 
made on plain radiography but has been variously 
described as being seen in from 22 to 71% of proven 
cases by means of computed tomography (CT) (Federle 
et al, 1984; Alpern et al, 1988; Smerud et al, 1990). 

Only two cases of intramural bowel wall gas demon- 
strated on ultrasound have been recorded (Vernacchia 
et al, 1985; Vijayaraghavan, 1990). We present three 
further cases, each with CT and operative or post- 
mortem correlation. 


Case reports 
Case 1 

A 75-year-old man was admitted via the Casualty 
Department with an intertrochanteric fracture of the 
right hip. This was treated surgically; 3 weeks later, 
while the patient was still in the Orthopaedic 
Department, he complained of abdominal pain. On 
ultrasound no upper abdominal pathology was seen, but 
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in the left lower quadrant, fluid-filled loops of bowel 
with thickened walls were found. In one of these loops 
bright echoes of the same intensity as the gas in the 
adjacent bowel lumen were seen. These gave the appear- 
ance of a bright ring. Intramural gas was diagnosed 
(Fig. 1). A subsequent CT examination confirmed these 
findings (Fig. 2). At laparotomy a length of necrotic 
bowel was found and the diagnosis of mesenteric vein 
thrombosis made; 2.5 m of necrotic and compromised 
bowel were removed. The post-operative course was 
complicated and led to a second laparotomy some days 
later. A further 5 cm of ileum and the ascending and 
proximal half of the transverse colon were removed 
owing to vascular compromise. A month later, 
following another vascular event, further small bowel 
resection was performed. The patient was eventually 
returned to his Old Age Home with a Hickman catheter 
in situ for intermittent parenteral nutrition. 


Case 2 

A 37-year-old woman was admitted for bone marrow 
transplantation (BMT) owing to disseminated non- 
Hodgkin’s lymphoma. Following BMT she became 
neutropenic and developed fever. Blood cultures were 
negative and she was treated with broad-spectrum anti- 
biotics. On the eighth post-operative day she developed 
diffuse abdominal pains, purpura and abdominal disten- 
sion with tenderness. Paralytic ileus developed over the 
next few hours and the bilirubin level, already high, 
continued to rise. Abdominal ultrasound demonstrated 
portal vein gas bubbling into the distal intrahepatic 
branches. In the lower abdomen, thickened fluid-filled 
bowel loops were seen with bright intramural echoes 
indicative of gas (Fig. 3). In one such loop small gas 
bubbles were seen arising from the deep surface and 
rising anteriorly (Fig. 4). No bowel peristalsis was seen 
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Figure I. The ultrasound appearance of the “bright ring" of 
highly reflective gas situated in the bowel wall when the bowel 
is scanned transversely (Case |) 





Figure 2. CT scan of the same case showing intramural bowel 
Pas LaAarrTow Jj 


and the bubbles did not move along the lumen as would 
be seen in peristaltic propagation. A subsequent CT 
scan demonstrated gas in the bowel wall extending from 
the stomach to the colon (Fig. 5). The patient was 
treated conservatively and died the next day 
Necrotizing enterocolitis extending from the stomach to 
the colon demonstrated at post-mortem 
examination 


Was 


Case 3 

A 79-year-old man was admitted to the Internal 
Medicine Department with diarrhoea, weight loss and 
anorexia. He had a | week history of abdominal pain 
related to food and a previous history of hypertension, 
chronic renal failure and chronic heart failure. While in 
hospital he developed acute abdominal pain and fever. 
A CT scan demonstrated gas in the portal vein and its 
intrahepatic branches, and also in the mesenteric vessels 
and the wall of contrast medium-filled bowel loops 
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Figure 3. Abdominal ultrasound scan of Case 2 showing the 
bright echoes of gas in the thickened bowel wall in transverse 
section 





Figure 4. Small gas bubbles rising from the deep surface of the 
bowel: "the effervescent bowel" (Case 2) 


(Fig. 6). An ultrasound examination was performed 
immediately prior to laparotomy. Fluid-filled bowel 
loops with the bright echoes of gas in the bowel wall 
were noted. When the affected bowel was scanned in the 
transverse projection, a “bright ring" appearance was 
seen (Fig. 7). At laparotomy mesenteric arterial occlu- 
sion was noted. The small bowel was totally necrotic. 
The patient died the next day. 


Discussion 

Ultrasound is a primary technique in the examination 
of the acute abdomen and its efficacy in demonstrating 
pathology in the upper abdominal parenchymal organs 
is well established. Less information is available on the 
ultrasound findings in acute bowel disease, and intralu- 
minal bowel gas often precludes adequate imaging. 
Small bowel wall thickening may, however, be detected 
even when relatively large amounts of gas are present, 
and the symmetry or otherwise of the thickening may 
help determine its nature (Matos et al, 1986). 


The British Journal of Radiology, July 1992 


US appearances of intramural bowel gas 





Figure 5. Intramural gas seen on CT (arrows) (Case 2) 


Gas in the bowel wall is a reliable sign of bowel 
necrosis in the correct clinical setting, and its prevalence 
in two retrospective studies of CT findings in patients 
with proven ischaemic or infarcted bowel have been 
published (Alpern et al, 1988; Smerud et al, 1990). 
Combining the two series, there were 588 cases with 
ischaemic or necrotic bowel of which 46 cases had a CT 
examination shortly before surgery or death. A specific 


diagnosis of ischaemic bowel was made at the time of 


initial. CT interpretation in only 15 patients. The diag- 
nosis depends on demonstrating pneumatosis intestina- 
lis, portal venous or mesenteric vascular gas, or "thumb 
printing” of the bowel wall. Of these 15 cases. 11 
showed intramural bowel wall gas and six mesenteric or 
portal venous gas. 





(a) 





Figure 6. CT scans of Case 3 demonstrating mesenteric 


vascular gas (arrowhead) and intramural bowel gas (arrow) 


The sensitivity of CT diagnosis of bowel infarction in 
these two series was only 28%, with bowel wall gas 
observed in 24%. The 23 cases in the series of Smerud 
et al (1990) had correlative plain film radiographs. Onl) 
one of these showed evidence of intramural bowel wall 
gas, but, in conjunction with other plain radiographic 
findings, seven cases (30%) were thought to be sugges- 
tive of bowel infarction. 

In view of these somewhat disappointing results, an 
additional help in the diagnosis of this deadly disease is 
to be welcomed. The ultrasound appearances of bowel 
wall gas have been described in only three cases. One of 





(b) 


Figure 7. Ultrasound scans of Case 3 showing (a) bowel wall gas in longitudinal section and (b) the "bright ring" appearance in 


transverse section. 
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these was an intraoperative examination of the gas-filled 
cysts of benign pneumatosis intestinalis (Sigel et al, 
1983). A second case demonstrated gas in the colonic 
wall in idiopathic ulcerative colitis with superimposed 
shigellosis (Vernacchia et al, 1985), while the third 
showed intramural gas in a gangrenous jejunal wall. 
This gas shifted when the patient was placed in a 
decubitus position (Vijayaraghavan, 1990), analogous to 
the shifting intramural gas sometimes seen in emphyse- 
matous cholecystitis (Bloom et al, 1984). 

In two of our three cases the diagnosis of bowel wall 
gas was made with a fair degree of confidence by 
ultrasound examination. Bright reflections were seen 
emanating from the bowel wall, the appearances being 
identical to one of the findings seen in emphysematous 
cholecystitis (Bloom et al, 1989). In one case, tiny gas 
bubbles were seen rising from the dependent portion of 
the bowel reminiscent of rising champagne bubbles 
(Fig. 4). This appearance, seen in emphysematous 
cholecystitis, has been described as the “effervescent 
gallbladder” (Nemcek et al, 1988). In our case it could 
with equal aptness be called the “effervescent bowel”. In 
the third case, the diagnosis of intramural bowel gas had 
already been made by CT (Fig. 6). The bowel wall gas 
was easily demonstrated by ultrasound performed 
shortly afterwards (Fig. 7). 

In each of our three cases a “bright ring" appearance 
was seen, similar to that described in emphysematous 
cholecystitis (Bloom et al, 1989). This is caused by the 
strong echoes from the gas in the wall, surrounding the 
fluid-filled viscus (Figs 1, 3.7). When the bowel is 
scanned longitudinal to the bowel, its tubular shape 
becomes obvious (Fig. 7). Intramural bowel gas is often 
associated with intrahepatic portal vein gas, which can 
be seen easily by ultrasound when present (Bloom et al, 
1988), and in Case ] it was the presence of portal vein 
gas that led to a search for bowel wall gas. 

We suggest that when an ultrasound examination of 
the acute abdomen is being performed, the bowel should 
be carefullv examined, particularly when a mesenteric 
occlusion is suspected in an elderly patient or when 
portal venous gas is seen. 
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Abstract. The impenetrability of bone to ultrasound can be turned to advantage and the effects of bony lesions on the adjacent 
soft tissues can be analysed. Fractures, bone destruction, inflammation, distraction of bone and new bone formation can be 


diagnosed 


We wish to draw attention to the value of ultrasound in 
the diagnosis of lesions of bone and encourage its use as 
an adjunct to radiography. There are reports of the 
ultrasound diagnosis of fractures in infancy (Graif et al, 
1988), separation of epiphyses (Dias et al, 1988; Broker 
& Burbach, 1990), osteomyelitis (Yousefzadeh & 
Ramilo, 1986; Howard & Einhorun, 1991), measure- 
ment of distraction in leg lengthening and of fracture 
healing (Leitgeb et al, 1990). 





(a) 
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Figure 1. The shoulder is dislocated and the neck of the 
humerus fractured. (b) Longitudinal scan of the upper humeral 
shaft. The surface of the humerus is kinked at the fracture site 
(F). (c) Transverse scan of the humerus. The reflective laver (H) 
represents intra-articular blood. HU, humeral head 
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Figure 2. Transverse scan 
It Strug uot o1 its 
estruction (arrow) 
Viethod 
An ATL 4 machine was used to scan the area ol 


nterest using 5 MHz or 7.5 MHz sector probes or a 
1.5 MHz linear array probe 


( ase reports 
Case I 

Ihe right shoulder of an 8-year-old boy became very 
swollen following a fall. Radiography revealed a dislo- 
cated shoulder and a fracture of the neck of the humerus 
(Fig. la). Ultrasound indicated the swelling was due to 


| haemarthrosis (Fig. 1b) and confirmed the presence of 


Five millilitres of clotted blood 
were aspirated irom the joint 


the fracture (Fig. Ic) 
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(C) 


of a normal rib showing the oval appearance. (b) Longitudinal scan of an abnormal rib showing 
interior surface and reflective material (presumably tumour) within the shaft. (c) Chest radiograph showing rib 


Case 2 

A 2}-year-old boy with known neuroblastoma 
presented with a soft-tissue swelling on the right chest 
wall. Ultrasound demonstrated the soft-tissue swelling 
but also revealed a discontinuity in the cortex of the 
underlying rib (Fig. 2a, b). The presence of bone 
destruction resulting from metastasis was confirmed by 
radiography (Fig. 2c) 


Case 3 

An 8-year-old girl presented with a painful right knee 
and was found to be very tender over the proximal tibia. 
Radiography showed a very small area of lucency in the 
proximal tibial metaphysis (Fig. 3a). Ultrasound 
showed a small area of abnormal reflectivity over the 
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(C) 


Figure 3. Small ill-defined lucency in metaphysis of the right tibia (arrow) is the site of osteomyelitis. (b) Longitudinal scan of the 
right tibial shaft. The pus collection (P) adjacent to the tibial shaft confirms the presence of osteomyelitis. (c) Transverse scan ol 
the right tibia and fibula. The collection of pus (P) is seen to track between the tibia (T) and fibula (F) down to the interosseous 


membrane 


same area (Fig. 3b). This was assumed to lie under the 
periosteum and could be followed laterally and distally 
to a large collection lying deep adjacent to the interos- 
seous ligament (Fig. 3c). The diagnosis of a large collec- 
tion of pus secondary to osteomyelitis due to 
Staphylococcus aureus was confirmed at operation. 


Vol. 65. No. 775 


Case 4 

Osteotomies for leg lengthening were performed on a 
boy with achondroplasia and held in place by Orthofix 
leg lengthening devices (Fig. 4a). The increasing gap 
between the bone segments was easily measured with 
ultrasound (Fig. 4b, c, d). 
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Discussion 


Ultrasound can help the clinician by making or 
onfirming the diagnosis of damage to bone and by 
idding further useful information on the presence of 


Orthofix 


[he legs 


Figure 4. (a) Leg lengthening in achondroplasia 
stabilization of osteotomies of the tibiae and fibulae 
are lengthened by distracting the fragments. Ultrasound scans 
of (b) the left tibia show the between the fragments 
immediately after the osteotomy; and in the left tibia (c) and 
right tibia (d) after 3 weeks. 


gap 


associated soft-tissue injury or articular effusion. In 
Case | the presence of a large haemarthrosis was diag- 
nosed on the evidence of the reflectivity of the intra- 
articular fluid. The fracture, which could have been 
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confused with the humeral epiphyseal line, was 
confirmed. The presence of overt bone metastases had 
not been clinically suspected in Case 2. In Case 3 
osteomyelitis was strongly suspected on clinical grounds 
and was confirmed by the fluid collection adjacent to the 
bone. The extent of the abscess tracking to lie on the 
interosseous membrane could not be appreciated 
without the use of ultrasound. 

In cases of leg lengthening the Orthofix apparatus 
makes radiography of the underlying bone difficult, and 
ultrasound provides a safe and accurate way of deter- 
mining the gap at the osteotomy sites without the use of 
radiation (Case 4). Ultrasound can also be used to 
assess new bone formation and fracture healing 
(personal observation and Leitgeb et al, 1990) but this 
application requires further investigation. Its value in 
trauma to unossified bone is well documented (Dias et 
al, 1988; Broker & Burbach, 1990). Our cases illustrate 
the value of ultrasound in the assessment of the con- 
tinuity of bone surfaces and the condition of adjacent 
soft tissues. The examination is quick, simple, radiation- 
free and painless. 
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Abstract. Two techniques for percutaneous renal biopsy were retrospectively reviewed to assess their relative safety and efficacy. 
Ultrasound localization of the kidney by a radiologists, with subsequent biopsy performed by a renal physician using a hand-held 
15 G cutting needle (Tru-Cut), was compared with biopsy performed by a radiologist using an 18 G cutting needle with a spring- 
loaded biopsy device (Biopty? and real-time ultrasound guidance. The smaller needle with real-time ultrasound is more reliable at 
retrieving an adequate specimen for histological examination (93%) than the "conventional" technique (79%). Fewer 
complications occurred in the Biopty group although the difference did not reach statistical significance. The average length of stay 
in hospital was significantly shorter for elective biopsies with the Biopty device (1.80 compared with 2.93 nights, p < 0.01). We 
recommend the use of the Biopty device with an 18 G needle and real-time ultrasound guidance as the method of choice for 


percutaneous renal hiopsy. 


Percutaneous renal biopsy is an important procedure 
for many patients with renal disease. It was first 
reported in 1934 (Ball, 1934) and became routine during 
the early 1950s. The kidney was originally localized by 
correlating plain radiographs with anatomical land- 
marks (Kark & Muerck, 1954). Subsequent develop- 
ments have focused on localization of the kidney rather 
than on modifications to the method of obtaining tissue. 
Plain radiographs, image intensification fluoroscopy 
with pyelography, radioisotope scanning, retrograde 
pyelography, static or real-time ultrasound and 
computed tomography have all been used to localize the 
kidney for subsequent biopsy (Madaio, 1990). Renal 
biopsy using these techniques is, however, not free of 
morbidity and is not always successful in obtaining a 
diagnostic specimen. 

A recent modification to the technique of obtaining 
tissue has been possible since the introduction of an 
automated biopsy instrument, the "Biopty" gun 
(Lindgren, 1982). The safety and efficacy of this tech- 
nique has not been compared with conventional renal 
biopsy (Madaio, 1990; Morrison et al, 1990), We 
initially started using the Biopty gun for difficult renal 
biopsies and subsequently for routine biopsies. This 
study compares our experience with conventional renal 
biopsy and the Biopty gun technique. 
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Method 

We examined retrospectively the case notes of the first 
100 patients on whom we performed renal biopsies 
using an 18 G needle with the Biopty device and of 50 
consecutive patients on whom "conventional" renal 
biopsies had been performed with ultrasound localiza- 
tion. All the biopsies were performed between August 
1988 and March 1991. Information was obtained 
regarding the indication for renal biopsy, whether the 
biopsy was elective or urgent, the frequency with which 
diagnostic tissue was obtained, the number of glomeruli 
in the specimen, complications and length of hospital 
stay. ; 

The conventional technique for performing percuta- 
neous renal biopsies in our hospital is similar to the 
method described recently by Beaman (1989). The 
patient lies prone with a rolled-up blanket placed under 
the abdomen to fix the kidney. The kidney (usually the 
right) is then localized by a radiologist using ultrasound 
and a suitable puncture site marked on the skin. 
Information on depth and direction is also given to the 
renal physician who is performing the biopsy. After 
infiltrating the subcutaneous tissues with local anaes- 
thetic, the renal physician introduces a standard 20 G 
spinal needle along the planned track of biopsy, to 
locate the kidney, to and fro movement of the needle 
with respiration confirming renal puncture. The locating 
needle is then withdrawn and replaced by a 15G 
Tru-Cut needle. Considerable patient co-operation is 
required as their breath must be held while advancing 
the needle, while the needle enters the kidney and during 
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Figure 1. Biopty needle tip touching the renal capsule 


the biopsy. Normally, using this technique, the aim is to 
obtain two cores of tissue. 

For biopsy with the spring-loaded Biopty device and 
18 G needle, the patient lies prone with a blanket roll or 
pillow under the abdomen, and the operator locates 
either the right or left kidney depending on which is 
more accessible for biopsy. The ultrasound transducer is 
then covered in a sterile plastic sheath containing a little 
ultrasound gel and sterile contact jelly is applied to the 
outside to provide ultrasound coupling. The operator 
can now use real-time control to guide the needle to the 
correct region of the kidney. After infiltration of skin 
and subcutaneous tissues with local anaesthetic, a small 
incision is made in the skin with the point of a scalpel 
blade. The 18 G needle is advanced through the tissues 
under direct ultrasound control and its relation to the 
kidney is assessed either from identifying the needle 
directly or by assessing the movement of the tissues as 
the needle is passing through them. The needle is a 


Table I. Patient details 





I8 G Biopty 15 G 
Tru-Cut 
Male SR 3] 
Female 42 19 
Total 100 50 
Age range (years) 14-79 15-74 
Mean age (SD) (years) 49.3 (17.70) 43 (17.88) 
Mean (SD) serum creatinine 414 309 
(umol/l) (471.8) (321.0) 
Elective admission for biopsy 51 28 
Inpatient requiring biopsy 49 22 
Mean (SD) length of stay in 1.80 2.93 
hospital for all elective (1.11) (1.94) 


biopsies (nights) 
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Figure 2. Biopty needle within renal cortex during biopsy 


modified Tru-Cut design with an inner notched com- 
ponent and an outer sheath. When the needle is con- 
sidered to be in the correct position, touching the renal 
capsule (Fig. 1), the device is triggered and the inner, 
notched part advances 1.1 cm into the kidney, followed 
almost immediately by the outer cannula. Often the 
needle can be identified on ultrasound within the cortex 
while the specimen is being obtained, thus confirming 
the location of biopsy (Fig. 2). The patient only needs to 
hold their breath for a short time whilst the Biopty 
device is triggered. Three to five passes are usually 
made. 

Details of the two patient groups are shown in 
Table I, and the indications for renal biopsies for the 
patients in each group are recorded in Table II. The 
Biopty procedures were performed by a single radiolo- 
gist with experience in biopsy techniques. The Tru-Cut 
biopsies were performed by experienced senior renal 
physicians (senior registrar or consultant). 10 of the 


Biopty patients had had previously unsuccessful 


Table II. Indication for biopsy 





15 G Tru-Cut 
number ol 


I8 G Biopty 
number of 


patients patients (%) 
Asymptomatic proteinuria 28 12 (24) 
Microscopic haematuria 15 8 (16) 
Acute renal failure 21 9 (18) 
Chronic renal impairment 19 10 (20) 
Nephrotic syndrome 16 10 (20) 
Hypertension | 0 (0) 
Assessment of potential 0 | (2) 
kidney donor 
Total 100 50 
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Tru-Cut biopsies; two of these patients are in our 15 G 
Tru-Cut group, the others were initially biopsied else- 
where. One patient in the Tru-Cut biopsy group had 
previously undergone unsuccessful Biopty biopsy. 
Comparison between groups was by y or unpaired 
Student's r-test with significance at the 5% level. 


Results 

Patients in the Biopty group were older (49.3 years 
compared with 43 years, two-sided /-test, ¢ = 2.044, 
p < 0.05). There were no significant differences in mean 
serum creatinine (414 pmol/l versus 309 pmol/l, t = 
1.61, not significant), ratio of males to females, elective 
to urgent biopsies or indications for biopsy (Tables | 
and If). 

Table IH shows the rates for histologically adequate 
and non-diagnostic biopsies as well as for failures when 
no renal tissue was obtained. Of the patients with non- 
diagnostic biopsies, one 18 G Biopty and three 15G 
Tru-Cut biopsies were repeated using the same tech- 
nique; therefore 100 patients underwent 101 biopsies, 
and 50 patients had 53 biopsies in the respective groups. 
Of these four repeated biopsies, all were diagnostic 
except for one of the 15G Tru-Cut biopsies. Renal 
tissue and diagnostic biopsies were obtained signifi- 
cantly more often (x°, p < 0.01 and y^, p > 0.05, respec- 
tively) in the 18 G Biopty group. When biopsies were 
successfully obtained the average number of glomeruli 
per specimen was slightly greater with the 15 G Tru-Cut 
needle. The average length of time for the 18 G Biopty 
procedure (from entering to leaving the procedure 
room) was 24 min (range 15-45 min). This included an 
initial ultrasound examination of the patient's kidneys 
to assess them and confirm their suitability for biopsy. 
No accurate figures are available for the conventional 
biopsy group but our overall impression is that the time 
taken is considerably longer. 

The average number of passes using the 18 G Biopty 
technique was 4.07 (range 2-8). Figures were only 
recorded in four cases of 15 G Tru-Cut biopsy with an 
average of 3.25 (range 2-4). It is difficult to know how 
representative these four cases are but it is the experi- 
ence of one of the authors (R.J.W.) that it is not 


Table HI. Results of biopsies 





Histological result 18 G Biopty: 15 G Tru-Cut: 


of biopsy number of number of 
biopsies biopsies (%) 

Diagnostic biopsy obtained 93 42 (79) 

Renal tissue obtained 7 4 (8) 

not diagnostic 

No renal tissue obtained i 7 (13) 

Total 101 53 

Total glomeruli 1-25 2-45 

per biopsy (mean 9.0) (mean 12.5) 





This table combines both initial biopsies and repeat biopsies. 
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uncommon for a number of unsuccessful passes to be 
made before tissue is obtained. 

Complications generally tended to be more common 
(26% compared with 15%) in the 15 G group compared 
with the 18 G Biopty group (Table IV), but none of 
these differences was statistically significant (77). Two 
patients in the Biopty group and one in the Tru-Cut 
group with back pain also had visible haematuria. The 
two patients who required transfusion after 15 G 
Tru-Cut biopsies also required renal angiography with 
embolization to control bleeding. None of the 18 G 
Biopty patients required angiography or surgical inter- 
vention. The single patient who required transfusion 
after 18 G Biopty had pre-existent cirrhosis with ascites 
and abnormal clotting. In this patient it was felt impera- 
tive to the management to confirm a suspected vasculitic 
cause for acute renal failure. Despite fresh frozen 
plasma and platelet cover for the biopsy, a large retro- 
peritoneal haematoma developed 3 days post-biopsy; 
this was treated succussfully with transfusion and 
conservative management. He had received 750 units/h 
of heparin for continuous venovenous haemofiltration 
after the biopsy and this may have been a contributory 
factor. 

The length of stay in hospital after 15G Tru-Cut 
biopsies is greater than after 18 G Biopty biopsies (2.93 
nights compared with 1.80 nights, two-sided /-test, 1 = 
2.82, p< 0.01, 95% confidence interval 0.34 to 1.92 
nights difference). 


Discussion 

When we started using the 18 G Biopty gun technique 
for renal biopsy we hoped to confirm, as has already 
been shown with renal allograft biopsy (Ubhi et al, 
1987; Bogan et al, 1990), that adequate diagnostic 
material would be obtained and to show that the 
complication rate would be reduced compared with a 
conventional biopsy technique. 

This retrospective study has found that despite a 
smaller specimen size, diagnostic renal tissue is obtained 
in a significantly higher proportion of patients using the 
Biopty technique compared with the conventional tech- 
nique. Real-time ultrasound guidance, giving more 
accurate localization of the needle in relation to the 
kidney and subsequent biopsy site in the renal cortex, 
would seem to be the reason for this. The Biopty system 


Table IV. Complications 





18 G Biopty 135 G Tru-Cut 


(n = 101) (n = 53) 
Nil 85 (83) 39 (74) 
Back pain 12 (12) 11 (21) 
Visible haematuria + clots 5 (5) 2 (4A) 
Transfusion required | (0 2 (4) 
Intervention required 0 (0) 2 (4) 


(embolization/surgery) 





Data are expressed as numbers (percentages) of biopsies 
resulting in complications. 
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also results in less crush artefact or obscuring blood in 
the specimen obtained (Parker et al, 1989). The slightly 
smaller number of glomeruli per specimen obtained with 
the 18 G Biopty needle was unlikely to alter significantly 
the accuracy of the histological diagnosis (Corwin et al, 
1988). In allograft kidneys, which lie superficially and 
are not affected by respiratory movement, real-time 
ultrasound localization may be less important and, 
indeed, Bogan et al (1990) found no improvement in the 
diagnostic biopsy rate using 18 G Biopty with real-time 
ultrasound localization. 

Although there was no statistically significant differ- 
ence in the complication rates between the two groups, 
each of the complications occurred less frequently in the 
18 G Biopty group, and several factors may have spur- 
iously increased the relative complication rate in this 
group. The patients biopsied were not matched pre- 
cisely; indeed, those in the 18 G Biopty group were 
significantly older and had a higher mean serum creati- 
nine. This tends to confirm our impression that since the 
introduction of the Biopty technique we are increasingly 
prepared to biopsy patients who in the past we were 
reluctant to biopsy because they were regarded as high 
risk. This has resulted from the more accurate localiza- 
tion with the 18 G Biopty technique, the impression that 
the elastic capsule is penetrated with greater ease and 
the rapid speed of the Biopty action, patient co-opera- 
tion in breath holding thus being less critical. Our 
confidence in the technique means that the biopsies are 
now carried out on the severely ill, the very obese, the 
very anxious, patients with smaller kidneys, and patients 
who have some difficulty in co-operating for various 
reasons, such as language problems or mental retarda- 
tion. This has the advantage that diagnosis may be 
established at an earlier stage in the patient's. illness 
enabling the institution of appropriate early therapy. It 
is also our strong impression that the technique 
produces less pain and is much more acceptable to the 
patient. 

The difference in length of stay in hospital for elective 
biopsies has important cost-saving implications. The 
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length of stay in hospital after 15 G Tru-Cut biopsies 
was significantly longer than after the 18 G Biopty 
biopsies; this may be due to the development of compli- 
cations requiring longer inpatient stay after elective 
biopsy in the 15 G Tru-Cut group. It has been suggested 
that percutaneous renal biopsy might be used in selected 
patients on a day-patient basis (Murphy & Maclsaac, 
1989). Our results suggest that use of the Biopty gun 
may make this a more feasible and safer proposition. 

We recommend use of the Biopty with an 18 G needle 
guided by real-time ultrasound as the method of choice 
for percutaneous renal biopsy. 
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Congenital absence of a limb (amelia) is extremely rare 
with an incidence ranging from between 0.05 to 0.15 per 
10000 live births with total absence of an upper limb 
having an incidence of between 0.02 to 0.07 per 10000 
live births (Birch-Jensen, 1949: Bod et al, 1983; 
Froster-Iskenius & Baird, 1990; Kallen et al, 1984). The 
different rates quoted probably reflect the different 
periods over which the cases were collected in the 
various studies, ranging from 3 to 32 years, rather than 
a true variation. 

Complete absence of all four limbs is particularly 
unusual. Froster-Iskenius and Baird identified two cases 
amongst 1213913 consecutive live births in British 
Columbia between 1952 and 1984, one of which was 
associated with thalidomide exposure (Froster-Iskenius 
& Baird, 1990). In their search of the world literature, 
Dresher and MacDonell identified only || cases, 
including one described in 1886. To these they added a 
further two cases (Dresher & MacDonell, 1965). 

We present two cases of severe limb reduction diag- 
nosed by ultrasound scanning during the second 
trimester. In one case all four limbs were absent and in 
the other one limb was absent and there was severe 
reduction of the other three. 


Case 1 

A 37 year old Indian (G7, P6) presented for a routine 
ultrasound examination at 19 weeks. She had no family history 
of congenital abnormalities. There were no complications to 
the pregnancy at this time. 


Ultrasound findings 

A single live fetus of 194 weeks gestation was demonstrated. 
All intracranial and intra-abdominal structures were normal 
and correctly sited, There was complete absence of both upper 
limbs (Fig. la). In addition, two soft tissue vestigial stumps 
were seen arising from the pelvis (Fig. Ib). The axial skeleton 
was normal. Liquor volume was normal. 

The diagnosis of complete transverse deficiency (amelia) of 
all four limbs was made. 

After discussion with the parents an elective termination of 
pregnancy was performed. 
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Autopsy findings 

External examination showed the fetus to be female and 
confirmed the absence of all four limbs (Fig. Ic). No other 
external or internal anomalies were identified and the chromo- 
some studies confirmed a normal 46XX karyotype. 

Post-mortem radiographs of the fetus further verified the 
prenatal findings. 

The patient became pregnant again and an ultrasound exam- 
ination at 12/40 weeks revealed a normal fetus. 


Case 2 

A 26 year old single Jamaican (G2, PI) presented to the 
antenatal clinic with an uncertain last menstrual period date 
and a fundal height equivalent of 23/40 weeks. There was no 
family history of congenital abnormalities. An ultrasound scan 
was requested to date the pregnancy. 


Ultrasound findings 

A single fetus with a breech presentation was demonstrated. 
Measurements of biparietal diameter, head circumference and 
abdominal girth correlated with 24 weeks gestation. The major 
intracranial and intra-abdominal structures were normal and 
correctly sited. The left upper limb, however, terminated at the 
level of the elbow (Fig. 2d) and the right upper limb consisted 
of a soft tissue stump measuring 13 mm by 8 mm. In addition, 
there was marked foreshortening of both lower limbs with no 
detectable tibial or fibular ossification centres. The left femur 
was short and measured 9mm. The other femur was not 
identified (Fig. 2b,c). 

The diagnosis of complete transverse deficiency of the nght 
arm, left forearm, right thigh and left leg was made. 

On close questioning, the patient admitted to taking tablets 
in Jamaica for her pregnancy but the nature of these was not 
known. 

The patient elected for a therapeutic abortion. 


Autopsy findings 

External examination showed the fetus to be male and 
confirmed the abnormalities of the upper limbs. In the lower 
limbs clubbed feet (talipes) with three toes were present 
attached to the femoral stumps (Fig. 2d). No other external or 
internal anomalies were identified. Chromosomal analysis of 
the fetal skin demonstrated a normal 46XY karyotype. 

The post-mortem radiograph of the fetus further verified the 
prenatal findings in the upper limbs. It confirmed the ultra- 
sound suspicion that the left femur was dysplastic with no 
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(a) 





bones distally. It also demonstrated complete longitudinal defi- 
ciency of the right femur, tibia, fibula and tarsal bones, 
together with the first and second metatarsals and phalanges. 
In addition dysplasia of the pelvis was observed 


Discussion 

Advances in ultrasound imaging have allowed more 
accurate and earlier detection of congenital limb reduc- 
tion anomalies. This is important as it gives both 
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Figure 1. Case |. (a) Transverse scan of the thorax at the level 
of the heart. The humeri are absent (S, spine; H, heart) 
(b) Longitudinal scan of the right hemipelvis. A soft tissue 
vestigial stump is shown (arrow) (B, bladder; IW, iliac wing) 
(c) Post-mortem photograph confirms the prenatal diagnosis 


parents and physicians the opportunity to consider the 
full implications of continuing with the pregnancy and 
permits consideration of a therapeutic abortion. Our 
own experience, and that of others, suggest that the 
diagnosis may be established during the second 
trimester (Kaffe et al, 1977; Gollop et al, 1987; Romke 
et al, 1987; Robins et al, 1989). Interestingly as far as we 
are aware there have been no previous reports on the 
ultrasound diagnosis of the absence of all four limbs not 


$99 


Case reports 


RUNE 


ess 


5 


M 





Figure 2. Case 2. (a) Sagittal scan of the left humerus. The left 
forearm is absent (H, humerus; S. shoulder). (b) Transverse 
scan through the pelvis. Right thigh soft tissue vestigial stump 
is present (arrow) (S, spine). (c) Sagittal scan through the 
pelvis. The dysplastic femur is shown (arrow). (d) Post-mortem 
photograph confirms the prenatal diagnosis. 
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Table I. Conditions associated with complete absence of a limb 





Syndrome/chromosomal anomaly Non-limb defects 





Comment 








Amniotic band sequence" 
(Higginbottom et al, 1979; Chen & 
Gonzalez, 1987) 


abdominal wall 


Femur/fibula/ulna complex — 
(Kuhne et al, 1967) 


Limb-body-wall complex 
(Van Allen et al, 1987a,b) 


Craniofacial, cutaneous, thoraco- 


Probably related to limb-body-wall 
complex 


Unilateral or bilateral complete absence 
of the upper limbs with incomplete 
reduction of the femur and fibula 


Vertebral, CNS, lungs, thoraco- — 
abdominal wall, intestinal and renal 


atresia, diaphragmatic defects 


Spleno-gonadal fusion” 
(Pauli & Greenlaw, 1982) 


45, XX, C-*? 
(Pawlowitzki et al, 1973) 


(Falek et al, 1968) 


(Oertel, 1962)" 


(Ohdo et al, 1987)* 
retardation 


(Rindenz, 1939) 


(Zimmer et al, 1985)" 


“Syndromes associated with absence of all four limbs. 
AR, autosomal recessive. 


associated with other congenital anomalies. This is not 
entirely surprising as this constellation of abnormalities 
is extremely rare and it has only been within the past 
decade that resolution of ultrasound imaging has been 
adequate for the diagnosis of these anomalies. 

In 61% of cases of complete absence of the limbs 
there are associated cardiovascular, gastrointestinal, 
urogenital, neural tube and respiratory anomalies, 
together with defects of other parts of the skeletal 
system and these are usually multiple (Froster-Iskenius 
& Baird, 1990). We found only four such cases of 
complete absence of limbs in the English language 
literature which had only one other defect. These were 
cleft palate, anencephaly, patent ductus arteriosus and 
vertebral malformations (Rogala et al, 1974; Herring, 
1985; Froster-Iskenius & Baird, 1990). 

There are a number of rare syndromes including the 
Roberts syndrome, some variants of the thrombocyto- 
penia, absent radius (TAR) syndrome and Grebe 
syndrome associated with severe limb reduction anoma- 
lies (Filkins et al, 1984; Hall, 1987; Jones, 1988; Robins 
et al, 1989). However, in the majority of these, although 
limb reduction anomalies were severe, there was usually 
some skeletal structure present within the abnormal 
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Craniofacial, cardiac, abdominal, severe 
developmental retardation 


Ipsilateral scaly skin, cardiovascular, ribs 


Gastrointestinal, lung 


Hypertrichosis, facial, developmental 


Mid-line maxillary cleft 


Craniofacial, vertebral 


Orofacial, anal stenosis 


Single case report, aborted fetus, 95 days 
post last menstrual period 


| case report 


Male identical twins, all four limbs 
absent in both 


2 cases, possibly AR homozygous 


Consanguinity 


6 male fetuses with absence of all four 
limbs in a family with consanguinity 


limb. As Brent and Homes noted the aetiologies for 
complete absence of a limb are much more restricted 
compared with those for limb reduction anomalies 
(Brent & Holmes, 1988). This is probably because 
absence of a limb or limbs results from a very early 
abnormal event in human development prior to the 
eighth embryonic week (10 weeks after the last 
menstrual period). The limb buds in the human embryo 
first appear in the third week, the upper limb buds 
appearing a few days before the lower ones. Complete 
absence of a limb is a result of either arrest or severe 
disruption of the normal development, owing to a 
vascular, teratogenic or mechanical accident to the limb 
bud (Moore, 1982). Table I lists some of the syndromes 
associated with complete limb absence. 

Congenital absence of a limb may also be caused by 
exposure to thalidomide during pregnancy. Although it 
is no longer widely available, it is still used for the 
treatment of leprosy and may cause the thalidomide 
syndrome where such therapy is not supported by effi- 
cient contraceptive care (Gollop et al, 1987; Crawford, 
1991). The limb reduction defects present in our second 
case, although characteristic of thalidomide exposure, 
could not be ascribed with certainty to this cause. 
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Figure 3. (a) Transverse deficiency of the middle third of the 
right leg {transverse — deficiency-—right, Le, middle). 
(b) Complete longitudinal deficiency of the right radius with 
partial longitudinal deficiency of the carpus and complete 
longitudinal deficiency of the thumb and index finger metacar- 
pals and phalanges (longitudinal deficiency-—right, Ra, 
complete, Ca, partial; MC 1, 2, complete; Ph 1, 2, complete). 
(c) Longitudinal deficiency of the left arm with complete 
absence of the humerus, partial absence of the radius and ulna 
with synostosis, partial absence of the carpus, complete absence 
of the thumb and index finger metacarpals and phalanges 
(longitudinal deficiency— left, Hu, complete; Ra and UI, partial 
with synostosis; Ca, partial; MC I, 2, complete; Ph, 1, 2, 
complete). The parenthensized version and abbreviations used 
are those suggested by the ISPO working party, (Ca, carpus; 
Hu, humerus; Le, leg; MC, metacarpals; Ph, phalanges; Ra, 
radius; Ul, ulna). 


Other drugs, including pyridoxine (vitamin B6) in 
high doses, Debendox and the oral contraceptive pill 
have all been implicated in severe congenital limb reduc- 
tion anomalies (Gardner et al, 1965; Nora & Nora, 
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(c) 


1974; Jaffe et al, 1975; Janerich et al, 1975; Hughes & 
Cavanagh, 1983). Unfortunately many of these associa- 
tions have been based on individual case reports or 
small series of patients and hence any apparent link may 


The British Journal of Radiology, July 1992 


Case reports 


be entirely spurious (Brent & Holmes, 1988). 
Furthermore, none of these have been associated with 
complete absence of a limb. 

Accurate classification of complex limb deficiencies 
should use a terminology that is clearly understood by 
_ all working in the field. The terminology used to date 
has often been confusing. Words such as ectromelia or 
meromelia do not always have the same meaning to 
those who use them and are incomprehensible to many 
others. 

In 1975 a simplified classification was introduced by a 
working party sponsored by the International Society 
for Prosthetics and Orthotics (ISPO). Unfortunately it is 
still not widely used. With this system every limb defi- 
ciency 1s considered as either transverse or longitudinal. 
The transverse defects encompass all so-called con- 
genital amputation-type conditions. These deficiencies 
are further characterized by the level at which the limb 
terminates, all skeletal elements distal to that level being 
absent. At the level of the arm, forearm, thigh and leg 
complete, upper, middle and lower third are used to 
describe the precise level of termination. Distally, the 
terms partial and complete are used. 

For example if one row of carpal bones 1s present the 
limb reduction anomaly would be described as a partial 
transverse carpal deficiency. Complete transverse defi- 
ciency of the carpus would indicate no bones distal to 
the radius and ulna. 

The second major category includes all deficiencies 
not in the transverse category. With these longitudinal 
defects each deficiency is described by naming the 
bone(s) affected and indicating whether they are com- 
pletely or partially absent. In cases where hypoplasia ts 
found the bone(s) so involved is named (ISPO, 1975). 
Figure 3a,b,c illustrates the application of this classifi- 
cation procedure. 

An editorial article in the Lancet around the time of 
publication of this classification system suggested that 
terms such as amelia and phocomelia were so well 
established in ordinary clinical practice in the UK that 
they were unlikely to be dropped immediately. 
Nevertheless it urged us to adopt this system in case 
records and reports, as universal adoption of this 
system, it felt, would go a long way to promote inter- 
national understanding of limb reduction anomalies and 
all that can be done to help those who suffer from them 
(Lancet, 1975). 

We conclude that total absence of a limb may be 
diagnosed in the second trimester of pregnancy. When 
such a diagnosis has been established it is important to 
exclude other skeletal anomalies as well as those 
involving other organ systems. Exposure to drugs 
during the pregnancy, especially thalidomide, have also 
to be considered. All limb reduction anomalies should 
be classified according to the ISPO recommendations. 
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Echinococcal disease may affect any part of the body; 
the liver is the most frequently affected organ (75%) 
(Saidi, 1976). Although a cyst with internal septation or 
loculation is the classical ultrasound description of 
hydatid cyst of the liver, in reality unilocular cysts are 
more frequently encountered (Sciarrino et al, 1991). On 
ultrasound unilocular hydatid cysts are usually indis- 
unguishable from innocent simple hepatic cysts, which 
are commen incidental findings during ultrasound 
examination of the liver. Moreover, in a non-endemic 
area the index of suspicion is low and the possible 
diagnosis of hydatid disease may not be entertained 
when unilocular cysts are detected in the liver. On rare 
occasions, however, the thin internal membrane, the 
endocyst, of a unilocular hydatid cyst may separate 
spontaneously from the thick outer ectocyst, giving rise 


Address correspondence to Dr B. Banerjee. 


‘Cyst within a cyst” 


to the appearance of a cyst with a membrane-like struc- 
ture beneath its wall. Demonstration of the internal 
membrane is considered to be pathognomonic of 
hydatid disease (Beggs, 1983; Garcia et al, 1988) and 
allows a firm diagnosis of hydatid disease by ultrasound 
alone. We present a case to illustrate the above 
mechanism. 


Case report 

A 42-year-old woman presented with dyspepsia and vague 
right upper quadrant discomfort and underwent ultrasound 
examination of the abdomen for suspected calculous disease of 
the gallbladder. Her past medical history was unremarkable 
and her whole blood count and urine analysis were normal. On 
ultrasound no calculus was detected in the gallbladder or bile 
ducts and the gallbladder appeared normal. A thin-walled 
unilocular echo-free cystic space of 2.7 cm diameter was noted 
in the right lobe of the liver (Fig. 1). This was diagnosed as a 
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Figure 1. Longitudinal scan of the liver, demonstrating a 
unilocular cyst in the right lobe of the liver (arrowheads). There 
is no evidence of internal echo and there is distal enhancement. 
A normal gallbladder is seen (curved arrow) 


simple liver cyst and considered to be an innocent incidental 
finding 

Several days later, the patient attended the Accident and 
Emergency Department with an acute exacerbation of her 
symptoms and a clinical diagnosis of acute cholecystitis was 
made. A repeat ultrasound examination, performed within a 
short time of her arrival, revealed no evidence of gallbladder 


disease, but there was a striking change in the appearance of 


the cystic lesion in the right lobe of the liver. There was now a 
membrane-like structure partially separated from the inner wall 
of the capsule of the cyst (Fig. 2) and, while scanning was still 


Figure 2. There is partial separation of the internal membrane, 
the endocyst (curved arrow), from the outer cyst wall, the 
CCLOCVSI 
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Figure 3 caption and part (« 


overleaf 


in progress, the sonographer witnessed the complete separation 
of the internal membrane from the capsule of the cyst, 
producing a "cyst within a cyst" appearance (Fig. 3) 

During and after the completion of the separation of the 
internal membrane the patient did not experience any increased 
discomfort. A complement fixation test for hydatid disease was 
positive, confirming the diagnosis. The blood count and liver 
function tests were normal and on enquiry no definite associa- 
tion with endemic areas of hydatid disease was revealed. The 
patient was discharged from the hospital within a few days 
following improvement of her acute symptoms but some vague 
discomfort persisted 


Discussion 


The ultrasound appearance of hydatid cysts of liver is 
varied. The diagnostic difficulty of "solid" forms of 
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Figure 3. (a) Oblique sagittal view of the right lobe of the liver 
showing the intact wall of the hydatid cyst. (b) Partial separa- 
of the internal membrane of the cyst (curved arrow) is 
noted at the beginning of the examination. (c) There is now 
complete separation of the internal membrane, giving rise to à 
cyst within a cyst" appearance (arrowheads) while the ultra- 


uon 


sound examination is still in progress 
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hydatid cyst is well documented (Garcia et al, 1988). 
Unilocular echo-free hydatid cysts may be indistinguish- 
able from simple hepatic cysts by ultrasound. However, 
demonstration of an internal membrane in such a cyst is 
considered to be pathognomonic of hydatid; therefore, 
when serology is negative, demonstration of an internal 
membrane may be the only indicator of the true nature 
of the cyst. Detachment of the internal membrane is 
most likely due to a host defence mechanism or ageing 
of the parasite (Lewall & McCorkell, 1986). 

Some authors believe that the univesicular cyst repre- 
sents the fully developed form of the parasite, and the 
subsequent stages after rupture of the cyst, namely 
separation of the internal membrane and formation of 
daughter cysts, are attempts at survival by the parasite 
(Barriga et al, 1983) 

This case illustrates that echinococcal disease should 
be considered in the differential diagnosis of every cyst 
in the liver, even though the patient may not have lived 
in an endemic area. 
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The angiographic, computed tomographic (CT) and 
real-time ultrasound demonstration of portal vein inva- 
sion and tumour thrombus is well documented, parti- 
cularly in association with hepatocellular carcinoma 
(Gregg et al, 1975; Miller & Thomas, 1979; Freeny, 
1980). One sign of portal vein tumour thrombus is the 
"thread and streak" sign first described angiographically 
in 1975 (Okuda et al, 1975). In this paper, we describe an 
unusual case of portal vein tumour thrombus first 
suspected by colour Doppler imaging (CDI). There have 
been no previously documented cases to show the 
thread and streak sign using this technique. 


Case report 

A 73-year-old man presented with a 4-month history of back 
pain, anorexia, weight loss and dyspnoea. He had a history of 
left pneumonectomy for squamous cell carcinoma of the bron- 
chus 12 years previously, and a more recent history of drainage 
of left empyema 9 months earlier. On examination he had 
hepatomegaly, finger clubbing and ankle oedema. Chest radio- 
graphy showed signs of previous surgery, but no suspicion of 
malignant recurrence. Real-time abdominal ultrasound 
revealed multiple large masses within the liver and an irregular 
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Figure 1. Colour Doppler scan of the 
main portal vein. There is disturbed, 
mainly hepatopetal, flow within the portal 
vein. Flow through the tumour is demon- 
strated. The thread and streak sign can be 
seen. 
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mass within the portal vein. The portal venous flow was 
hepatopetal. CDI with an Acuson 128 unit displayed disturbed 
flow within and around the mass (Fig. 1). On biopsy, the liver 
masses proved to be poorly differentiated squamous cell carci- 
noma consistent with multiple metastases from a presumptive 
chest recurrence. Portal venous phase angiography and CT 
portography (Fig. 2) confirmed the thread and streak appear- 
ance seen at CDI. The patient died 6 months later but post- 
mortem examination was refused. 


Discussion 

The first description of the "thread and streak sign" 
was in 1975 (Okuda et al, 1975). In all their cases the 
patients had hepatocellular carcinoma (HCC). The 
streaks shown angiographically correspond to the blood 
spaces and vessels that run longitudinally in and around 
a tumour cast growing in the portal vein or one of its 
large branches. 

Since then, many authors have shown the propensity 
for HCC to cause portal vein tumour thrombus (Gregg 
et al, 1975; Freeny, 1980; Vigo et al, 1980). The first 
ultrasound demonstration of portal vein invasion with 
HCC was described in 1979 by Miller and Thomas, but 
other ultrasound studies have followed (Brunelle & 
Chaumont, 1984; Subramanyam et al, 1984; Miller & 
Berland, 1985; Van Gansbeke et al, 1985; Price et al, 
1990). The “thread and streak” sign has also been 
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Figure 2. CT portography showing streaky enhancement within 
the portal vein (arrows). L, liver; M, unenhanced metastasis 


described using CT angiography (Suzuki et al. 1982), but 
never before on CDI. This sign is indicative of portal 
vein tumour extension, though not exclusively of HCC. 
Other malignant lesions have been implicated in causing 
portal vein involvement, including gastric carcinoma 
(Takayasu et al, 1989; Araki et al, 1990), pancreatic 
carcinoma (Van Gansbeke et al, 1985; Garra et al, 1987), 
childhood hepatic tumours (Brunelle & Chaumont, 
1984), cholangiocarcinoma (Gold et al, 1979), renal and 
colonic hepatic metastases (Heaston et al, 1981) and 
leiomyosarcoma of the portal vein (Wilson & Hine, 
1987). Liver metastases from lung have never been 
definitely proven to cause portal vein tumour thrombus 
(Heaston et al, 1981) Magnetic resonance imaging 
(MRI) has shown promise in identifying portal vein 
thrombosis and may even be able to differentiate 
between tumour thrombus and blood clot (Hricak et al, 
1985) 

There has been no previously documented demonstra- 
tion of the thread and streak sign using CDI, but its 
usefulness had been predicted (Alpern et al, 1987). They 
suggested that CDI would allow clearer differentiation 
between artefactual intraluminal echoes and soft throm- 
bus and also allow for quicker determination of branch 
patency. These predictions have been borne out in this 
report. The normal variations of portal appearance on 
CDI are well described (Ralls, 1990). 

This case report serves as a reminder that portal vein 
tumour thrombus is seen not only with hepatocellular 
carcinoma, but also with metastatic disease. It also 
demonstrates intraluminal tumour by a non-invasive 
method, previously shown only by angiography and CT 
portography 
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Case report 

A 31-year-old white woman, gravida 2, para | was admitted 
to hospital because of pre-term labour at 29 weeks gestation. 
An ultrasound scan at 18 weeks gestation at the referring 
hospital had shown normal fetal anatomy 

On admission, an ultrasound scan revealed a midline. fusi- 
form, echo-free area measuring 35 mm x 20 mm x 20 mm in the 
fetal brain, superior to the thalamus and extending posteriorly 
(Fig. 1). The remainder of the fetal anatomy was normal. 
except for mild left-sided renal pelvic dilatation. There were no 


signs of fetal hydrops or ascites. An aneurysm of the vein of 


Galen (AVG) was suspected and Doppler studies were per- 
formed which revealed arterial type flow within the cystic 
structure (Fig. 2) 

serial ultrasound scans were carried out at weekly intervals 
and there was no evidence of any development of hydro- 
cephaly. At 35 weeks gestation, cardiomegaly and polyhydram- 
nios were diagnosed and at 36 weeks gestation scalp oedema 
was detected. 

Full discussion took place between the parents, paediatri- 
cians and neurosurgeons and, as a result of these discussions, 
the parents expressed a wish for non-intervention and non- 
aggressive management. At 38 weeks gestation the patient went 
into spontaneous labour and had a normal vaginal delivery of a 
female infant weighing 2650 g with Apgar scores of 4 at | min 
and 8 at 5 min. Physical examination was normal and neonatal 
cerebral ultrasound confirmed the prenatal diagnosis. The baby 
died at 48 h of congestive heart failure. 


Discussion 

The vein of Galen is a major cerebral vein running 
superoposterior to the thalami within the subarachnoid 
space. It joins the inferior sagittal sinus, which runs 
along the lower edge of the cerebral falx, to form the 


straight sinus. Aneurysmal dilatation of the vein of 


Galen is usually found in close association with a 
variety of patterns of arterio-venous communication. 
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Prenatal diagnosis and visualization of this condition 
has been reported (Hirsch et al, 1983; Vintzileos et al. 
1986; Evans & Twining, 1991). The first reported case in 
the British literature was not a true antenatal diagnosis 
but was made neonatally and retrospectively matched 
with antenatal ultrasound (Mao & Adams, 1983). 

Usually, AVG presents during the neonatal period 
with congestive cardiac failure secondary to the large 
arterio-venous communication. Occasionally, symptoms 
may not develop until after the first vear of life when 
seizures, syncope and subarachnoid haemorrhage occur. 





section 


Transverse 
demonstrating a midline echo-free area 


Figure 1. through the fetal head 
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It is likely that only severe forms of AVG will be 
detected in utero and, in these cases, careful evaluation 
of fetal anatomy and search for non-immune hydrops 
and destructive lesions of the cerebral parenchyma are 
recommended as these have important implications for 
the prognosis. Serial scans should be performed to 
detect signs of hydrops or the development of hydro- 
cephaly, as these conditions are associated with a very 
bad prognosis. As this condition has so rarely been 
diagnosed prenatally we cannot be sure whether it is 
possible to diagnose it early enough to offer termination 
of the pregnancy. No data exist with respect to the 
optimal mode and timing of the delivery and much 
would depend on the decision of the parents about how 
aggressive the management should be 

In this case prenatal diagnosis permitted full discus- 
sion between the parents and all the health professionals 
likely to be involved with the care of the infant, and 
permitted conscious and structured decisions about the 
future management to be made. This case emphasizes 
the importance of ultrasound evaluation of women 
admitted in pre-term labour and also the importance of 
Doppler flow studies used in conjunction with ultra- 
sound imaging. 





Hax/mean velocity 


JL eu References 

et aed Sb ; Evans, A.J. & T WINING P. 1991. Case report: /n utero 

ANGLE! Gdeg diagnoses of a vein of Galen aneurysm using colour flow 
Doppler. Clinical Radiology, 44, 281—282 

HiRSCH, J. H., Cyr, D., EBERDHART, H. & ZunKeL, D., 1983. 
Ultrasonic diagnosis of an aneurysm of the vein of Galen in 
utero by duplex scanning. Journal of Ultrasound in Medicine, 
2, 231-233. 

Mao. V. & Apbams, C. 1983. Antenatal diagnosis of 
intracranial arteriovenous fistula by ultrasonography. Case 
report. British Journal of Obstetrics and Gynaecology, 80, 
872-875 

VINTZILEOS, A.M., EisENFIELD, L.l., CAMPBELL, W.A., 
HERSON, V. C., DiLeo, P. E. & CHAMEIDES, L., 1986. Prenatal 

COPY 0? ultrasonic diagnosis of AV malformation of the vein of 

à; Galen. American Journal of Perinatology, 3, 209—211. 


i 


TM ak ia ake aid 





(b) 


Figure 2. (a) Transverse section through the fetal head showing 
the Doppler gate placed within the aneurysm. (b) Doppler trace 
of the flow through the aneurysm of the vein of Galen 
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Epitheloid haemangioendothelioma of liver: a vascular tumour easily mistaken for 
metastatic carcinoma on ultrasound imaging 


By B. Banerjee, FRCS, FRCR and A. Rennison, BSc(Hons), DCRR 
Department of Diagnostic Radiology & Imaging, Tameside General Hospital, Ashton- Under-Lyne, 


Lancashire OL6 SRW, UK 


Based on a poster presented at the BMUS 23rd Annual Meeting in Bournemouth, on 


10-12 December 199] 
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Epitheloid haemangioendothelioma is a rare neoplasm 
of vascular origin that may occur in the liver. Although 
there have been sporadic reports of this tumour in the 
past, the term “epitheloid haemangioendothelioma" 
was first suggested by Weiss and Enzinger only recently 
(Weiss & Enzinger, 1982). The tumour usually affects 
adults and pursues a relatively benign course inter- 
mediate between haemangioma and angiosarcoma; 
long-term survival with chemotherapy, hepatic resection 
and hepatic transplant has been documented. Scant 
reference can be found to its radiographic appearances. 
We present a case to illustrate the ultrasound appear- 
ances of this tumour and emphasize its potential con- 
fusion with metastatic disease. 


Case report 
A 29-year-old woman presented with persistent right upper 
quadrant abdominal pain and anorexia over a period of 2 
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Figure 1, Longitudinal scan through the right lobe of the liver 


demonstrating multiple echo-poor areas of sizes 


(arrows). 


varying 
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months. She had undergone laparotomy and repair of a liver 
laceration 16 years earlier, following a riding accident, but had 
been in good health in the intervening period. Physical exam 
ination revealed a tender and slightly enlarged liver. Total 
blood count, haematocrit, ESR, liver function tests and urine 
analysis were normal, 

Ultrasound examination of the liver revealed multiple, well 
defined, echo-poor lesions of varying sizes (Fig. 1), the largest 
of which was somewhat lobular in outline with a maximum 
diameter of 3 cm (Fig. 2). There were also a few lesions with 
slightly increased central reflectivity mimicking "target" lesions 
(Fig. 3). The liver was not unduly enlarged and its contour was 
normal. On ultrasound, diagnosis of multiple hepatic meta- 
made. but meticulous ultrasound search for à 
primary lesion was negative. A radiograph of the chest revealed 
two small lung metastases (Fig. 4). At laparotomy a firm liver 
with multiple white nodules in both lobes was found, but there 
was no evidence of a primary lesion in any other abdominal 
organs. 

Histological examination of the liver biopsy revealed wide- 
spread fibrosis with effacement of acinar architecture. There 
was proliferation of "strands" and "nests" of tumour cells and 


Stases was 





Figure 2. Sagittal section through the lateral clavicular line. 
demonstrating the largest of the echo-poor lesions, which has a 
lobulated outline (arrows) 
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Figure 3. A few small focal areas of slight increase in reflec- 
Uvity are present in some of the echo-poor lesions, producing a 
target appearance (arrows) 

vascular channels in the fibrotic area. The endothelial lining 
showed hyperplasia but scant evidence of mitosis. The tumour 
cells were rounded or polygonal in shape and many contained a 
sharply defined cytoplasmic vacuole (Fig. 5a, b). A histological 
epithelial haemangioendothelioma was made 
Factor VIII related antigen was identified in the neoplastic 
endothelial cells by the peroxidase-antiperoxidase (PAP) tech- 
nique, further confirming the diagnosis. Owing to the presence 
of pulmonary metastases the patient was treated with chemo- 
therapy alone and is still alive and ambulant 5 years after the 
initial diagnosis, although the primary tumour and pulmonary 
$1ze 


diagnosis of 


metastases have increased 


Discussion 
Epitheloid haemangioendothelioma is a distinct form 
of vascular tumour. It may occur in superficial and deep 
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Figure 4. Radiograph of the chest revealing two small lung 
metastases (arrowheads) 


soft tissues but quite often the liver is the primary site. It 
is composed of rounded or spindle-shaped endothelial 
cells that can synthesize factor VIII related antigen. The 
pattern of solid growth and epitheloid appearance of 
endothelial cells may lead to a mistaken histological 
diagnosis of metastatic carcinoma (Weiss & Enzinger, 
1982). Immunohistochemical identification of factor 
VIII in such cases should indicate the vascular origin of 
the tumour and distinguish it from metastasis 

There are several possible aetiological factors known 
to contribute to certain hepatic neoplasms. These 





(a) 


(b) 


Figure 5. (a) Histological! section of the tumour demonstrating abundant fibrous stroma in which tumour cells occur singly and in 
small clusters or stands, in places enclosing a small lumen (arrows). (b) Magnified view of tumour cells, which are spindle-shaped, 
rounded or oval; a few contain sharply defined cytoplasmic vacuoles (arrows) 
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include hepatitis B, alcoholism, previous Thorotrast 
administration, oral contraceptives, anabolic steroids, 
vinyl chloride and arsenic (Falk et al, 1981; Ishak et al, 
1984) but none has been clearly linked with epitheloid 
haemangioendothelioma of liver. However, two patients 
with pulmonary epitheloid haemangioendothelioma 
have been reported to have had prior exposure to occu- 
pational contaminants (Dail et al, 1983). The patient in 
our case report sustained major trauma to her liver, 
requiring surgical repair. The possibility of trauma as an 
aetiological factor has not been previously suggested. 

The radiographic features of this tumour have been 
poorly documented. Plain radiographs may show calci- 
fication in the liver and pulmonary metastases. The 
tumours are seen as hypodense areas in the liver 
substance on computed tomography. Angiography may 
demonstrate neovascularity in the tumour with distor- 
tion of vessels by multiple segmental expansions (Ishak 
et al, 1984). Splenoportogram and hepatic venograms 
may demonstrate displacement of intrahepatic venous 
tributaries and scintigraphy may reveal multiple photon 
deficient areas (Chowdhury et al, 1977). The ultrasound 
features of this tumour have not yet been formally 
documented. On ultrasound imaging, the tumours in 
our patient were seen as multiple, well defined, echo- 
poor areas of varying sizes in both lobes of the liver. 
One or two larger lesions had a somewhat lobulated 
outline and a few smaller lesions demonstrated a 
"target" appearance. 

Long-term survival in epitheloid haemangioendothe- 
lioma of the liver, even without antimitotic treatment, 


Vol. 65, No. 775 


has been well documented (Chowdhury et al, 1977; 
Ishak et al, 1984). In the absence of metastases, treat- 
ment by wide excision of the tumour, and even hepatic 
transplant, is justified as a curative procedure. As this 
tumour has a good prognosis and even a chance of cure, 
it is important that every attempt should be made to 
differentiate it from hepatic metastases, so that correct 
advice can be given with respect to prognosis and 
treatment. 
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Normal lymph nodes in the abdomen: the hepatic artery 
“daisy chain" 

C. Metreweli 

Department of Diagnostic Radiology & Organ Imaging, Prince 
of Wales Hospital, Chinese University of Hong Kong, Shatin, 
N. T., Hong Kong 

The presence of normal lymph nodes is rarely reported in 
abdominal ultrasonography, two reasons being that many 
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small paraortic nodes are difficult to visualize in large and or 
gassy patients, and that ultrasonographers are unaware that 
some of the structures visible on the images are actually lymph 
nodes. Furthermore the fortuitous visualization of these nodes 
in indeterminate cases may sway the ultrasonographer in 
favour of reporting disease that is not there. It has been 
reported that hilar nodes can be found in chronic hepatic 
disease. It is particularly in this area that normal lymph nodes 
are easiest to demonstrate, especially around the distal hepatic 
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artery: the "hepatic artery daisy chain". This is seen in some 
8594 of patients without any local disease whereas medial 
portal nodes are seen in only 15% of patients and lateral portal 
in only 2%, As always, as appreciation of normal appearance is 
essential for accurate diagnosis. 


The ultrasound appearance of the normal psoas muscle 
A. D. King and A. L. Hine 

Department of Radiology, Central Middlesex Hospital, 
London, NW10 7NS 


The psoas muscle is involved in several pathological processes 
and, as ultrasound is non-invasive, it is often one of the first 
investigations to be performed. Interpretation of the findings 
requires a knowledge of the anatomy and variations in the 
normal appearance, and therefore 144 psoas muscles were 
scanned in 72 subjects in whom there were no clinical symp- 
toms or findings to suggest retroperitoneal pathology. An 
Acuson 128 or Ultramark 5 scanner with a 3.5 MHz sector 
transducer was used. The examination took about 15 min 
although in the more obese subjects or those with overlying 
bowel gas prolonged pressure using the probe was required, so 
increasing the scanning time up to 45 min. The psoas was 
divided into three sections for the purpose of description. The 
first section of the muscle from its origin to the lower pole of 
the kidney was visualized in all subjects and in 129 (89.694) 
demonstrated hyperechoic muscle bundles on a hypoechoic 
background. Fifteen (10.4%) showed focal areas of echogeni- 
city or echogenic planes. The second section from the lower 
pole of the kidney to the iliac crest was visualized in all but two 
subjects. 77 (54.2%), once again, demonstrated hyperechoic 
bundles on a hypoechoic background, but 65 (45.8%) showed 
echogenic planes and areas of focal echogenicity, some of 
which contained hypoechoic centres. These findings were not 
always symmetrical and may cause confusion with early psoas 
pathology, although the overall size and contour of the muscle 
was never altered in the normal subject. The third section of the 
psoas muscle from the iliac crest to its fusion with the iliacus 
was not visualized in seven subjects (eight psoas muscles) due 
to overlying bowel gas. The most common finding was a 
prominent oblique echogenic plane in the transverse section 
which occurred in 96 (70.5%). Comparison with cadaver 
anatomical studies is presented to demonstrate the cause of 
these echogenic planes, which can also be seen on computed 
tomography and magnetic resonance imaging. The appearance 
and contour of both psoas muscles was symmetrical in 49 
subjects with 23 showing minor asymmetry in one of the three 
sections. 


Duplex measurement of the mesenteric blood flow dose 
response to feeding 

K. M. Carlisle, D. Parker, A. E. Read and P. N. T. Wells 
Department of Medical Physics and Bioengineering, Bristol 
General Hospital, Guinea Street, Bristol BS] 6SY 


The large increase in superior mesenteric artery (SMA) blood 
flow after both liquid and solid meals has been measured using 
duplex ultrasound but no quantification of this response has 
been made. The objectives of this study therefore were to 
determine the minimal and maximal measurable responses to a 
liquid meal and to establish the relationship between the calor- 
ific content of the food and the percentage rise in SMA blood 
flow. Six normal healthy male volunteers were studied. They 
were of average weight for their height and were rested, supine 
and fasting. A single blind study was undertaken administering 
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a mixed liquid meal on four separate occasions to each volun- 
teer. The meals were isovolumic but of varying calorific values, 
Both pre- and post-prandial blood flow meaurements were 
made using a duplex system in each volunteer on each of the 
four separate occasions. The peak percentage rise in blood flow 
was found to be linearly proportional to the calorific content of 
the liquid meal. In each individual! the peak rise occurred at 
approximately the same time after the meal was administered 
in each individual, indicating that it is the calorific content of 
the meal which stimulates dilation of the mesenteric vessels 
reducing the impedance and allows the diastolic flow to rise 
accordingly. 


The ultrasound appearance of visceral gas—introducing 
the “effervescent bowel" and the “bright ring sign" 

R. A. Bloom, P. D. Lebensart and E. Craciun 

Department of Radiology, Hadassah University Hospital, Ein 
Kerem, Jerusalem, Israel 


Air or gas is a barrier to propagation of ultrasonic waves, often 
precluding adequate visualization of intra-abdominal struc- 
tures. In certain instances the presence of gas in an abnormal 
position may provide valuable information regarding patho- 
logy. This presentation is of the various appearances of emphy- 
sematous cholecystitis, intramural gallbladder abscesses, and 
gas in the bowel wall. Emphysematous cholecystitis is a rare 
condition, with under 200 cases reported. We have made this 
diagnosis ultrasonically on five occasions and illustrate the 
various appearances. Intramural gallbladder gas may produce 
a “bright ring” appearance that is quite characteristic and 
differs somewhat from that seen in a porcelain gallbladder. 
With lesser amounts of gas the bright intramural echoes can be 
induced to shift in position. This is in contradistinction to 
intramural abscesses which are small and may be seen as a very 
narrow band of echoes which maintain a constant positon 
within the bowel wall. A correct diagnosis of gas in the bowel 
wall has been made by us in two cases of necrotic bowel. The 
appearances are very similar to the “bright ring sign" in 
emphysematous cholecystitis. In one of the two cases bubbles 
of gas were seen rising from the bowel wall within the fluid 
luminal content. This "effervescent" bowel is analogous to the 
"effervescent" gallbladder previously reported in one case of 
emphysematous cholecystitis. 


Abdominal ultrasound in Noonan syndrome. A study of 
45 patients 

C. D. George, E. J. Adam, M. Sharland and M. A. Patton 
Department of Radiology, St George's Hospital, Blackshaw 
Road, London SW17 0QT 


Purpose: To establish the abdominal ultrasound findings in 
Noonan syndrome; in particular to assess the frequency of 
renal abnormalities which are well described in Turner's 
syndrome, a condition with a similar phenotype. Method: 45 
patients with Noonan syndrome were scanned. The age range 
was 7 months-37 years, there were 16 males and 29 females. 
Results: 17 scans were normal and 28 abnormal. Five patients 
had renal abnormalities, consisting of: one unilaterally absent 
kidney, one ectopic and malrotated kidney, one duplex kidney, 
bilateral cysts and scarring and one dialted renal pelvis. 23 
patients had splenomegaly, and six of these had associated 
hepatomegaly. In all cases the echo texture of the liver and 
spleen was normal. One patient was found to have a choledo- 
chal cyst in addition to an ectopic and malrotated kidney. 
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Conclusion: The frequency of renal abnormalities in Noonan 
syndrome is low but splenomegaly, with or without hepatome- 
galy is a common finding. In view of the normal morphological 
appearance of both liver and spleen, the aetiology of the 
enlargement is obscure. 


Ultrasound-guided percutaneous laser therapy 

S. G. Brown 

National Medical Laser Centre, University College and 
Middlesex School of Medicine, The Rayne Institute, 5 
University Street, London WCIE 6JJ 


Interstitial laser hyperthermia is a simple new technique for the 
treatment of tumours within solid organs. A needle is inserted 
into the target tumour, a thin laser fibre passed through the 
needle and the needle withdrawn a few millimetres to leave the 
bare fibre in the tumour. The Nd:Y AG laser is activated at low 
power for a long exposure time (typically 10—15 min) and the 
fibre is then removed. The heated tissue is necrosed by gentle 
thermal coagulation and the dead tissue is left in situ to be 
resorbed or replaced by normal healing mechanisms. The keys 
to successful therapy are choosing lesions where there 1s 
adequate surrounding normal tissue to ensure safe healing and 
being able to image the tumour, the fibre positions and the real- 
time changes as the laser is firing. Most work has been done on 
isolated hepatic metastases monitoring therapy with ultra- 
sound. This technique can produce a necrotic zone of about 
15 mm diameter around each treatment point, so for lesions 
larger than this, multiple fibre sites are required. At present, the 
maximum number that can be treated simultaneously is four. 
About 30 s after the laser is switched on, a bright echo pattern 
appears around each fibre tip and outside this, an expanding 
darker zone, the outer limits of which correspond approxi- 
mately to the limits of necrosis (the correlation is better in 
normal than in tumour tissue). Lesions are followed up after 
treatment with further ultrasound (US) or computed tomo- 
graphy scanning. 10 patients with a total of 18 isolated secon- 
daries have been treated. Cessation of tumour growth has been 
documented in most lesions up to 20 mm in diameter, but 
treatment has had little effect on larger lesions despite US 
evidence of coagulation of the entire lesion. It is not yet clear 
why this is. It may be due to insufficiently accurate three- 
dimensional imaging or to problems interpreting US changes in 
inhomogeneous tumour tissue. Nevertheless, the technique is 
simple and safe, and if carefully developed has great potential 
for treating small tumours within solid organs. 


Quantitative analysis of renal transplant collecting 
system dilatation to improve the diagnostic accuracy of 
obstruction 

S. H. Kashi, C. Romanimk, G. R. Giles and H. C. Irving 
Department of Surgery and Radiology, St James s University 
Hosptial, Leeds 


Dilitation of the pelvicalyceal systems of renal allografts is a 
common finding but only a small proportion are eventually 
shown to be obstructed. Quantitative analysis of ultrasound 
(US) images can be performed to calculate the ratio of the area 
occupied by the pelvicalyceal system to that of the kidney, on 
both longitudinal and transverse scans. To investigate whether 
such quantitative analysis could improve the specificity of the 
ultrasonographic diagnosis of obstruction, 394 scans in 150 
patients were digitized using a Summagraphics tablet. The 
ratios obtained were compared to both the radiologist's report 
of the degree of pelvicalyceal dilatation and to the ultimate 
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diagnosis of the presence or absence of obstruction. The results 
are summarized in the table below. In the grafts where there 
was ultrasonically visible dilatation, the quantitative analysis 
revealed statistically significant different ratios for the 
obstructed and non-obstructed grafts—for mild dilatation p = 
0.08 on longitudinal scans and p < 0.005 on transverse scans 
(Mann-Whitney U-test), while for moderate to severe dila- 
tation p «0.01 and p = 0.05, respectively. The diagnostic 
accuracy can be further improved by using canonical discrimi- 
nant function to derive an index which combines the ratios for 
the longitudinal and transverse images of the same kidney. 
Quantitative analysis of the ultrasound image thus improves 
upon the radiologist's report and identifies those grafts which 
require intervention to relieve obstruction. 





Ratio of renal area/p-c 








area 
(mean + SEM) 
Final US A TT TOS Wes 
diagnosis diagnosis Longitudinal Transverse 
Obstructed Mild dilatation 8.4(+1.8) 5.18 (0.78) 
Moderate/severe 
dilatation 5.1 (+40.3) 48 (+40.5) 
Not 
obstructed No dilatation 34.7 (1.4) 30.5 (41.6) 
Mild dilatation 13.9(+1.3) 160 (+1.7) 
Moderate 
dilatation 7.7 (+0.92) 9.7 (41.9) 





Ultrasound or urography for assessment of adults with 
haematuria? Results of follow up 

*tJ. Spencer, *T. Meagher and *D. Lindsell 

* Department of Radiology, John Radcliffe Hospital, Oxford 
OX3 9DU and tDivision of Ultrasound, Thomas Jefferson 
University Hospital, Philadelphia PA 19107, USA 


Objective: Prospective double-blind comparison of the diagnos- 
tic ability of ultrasound (US) and intravenous urography (IVU) 
in adults with haematuria. Patients and methods: US and IVU 
were performed, concurrently and independently, as initial tests 
in 155 consecutive out-patients, 18-93 years, to establish the 
cause of haematuria. Patients with proven UTI, trauma or 
acute ureteric colic were excluded. After imaging, all had 
clinical review and appropriate treatment. 95 patients with 
unexplained continuing haematuria had further clinical review 
for a minimum of 1 year (12-23 months). Initial results: In 37 
of 155 patients (24%), US and/or IVU detected causes of 
haematuria. US showed bladder tumours in 20 patients, four of 
which IVU missed (tumours sized 5-21 mm). 15 patients had 
calculi. US missed ureteric calculi in two cases but showed a 
radiolucent renal calculus overlooked by IVU. Calculi missed 
by US were visible on plain abdominal radiographs (AXR). 
Renal cell carcinoma was demonstrated by both studies in two 
patients. For 37 patients abnormalities discovered were felt 
unlikely to fully account for haematuria, e.g. simple prostate 
enlargement. 81/155 patients (52%) appeared normal on both 
studies. Follow up: 50 of 95 patients had continued unexplained 
haematuria and had cystoscopy. Six bladder tumours, all « 
5 mm in size and one urethral tumour were found. Bleeding 
was felt to be from the prostate in 21 cases and the bladder 
neck in three cases. In 45 of these 95 patients haematuria 
ceased during review and was not investigated further. 
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Conclusion: US proved superior to IVU in the initial imaging 
of these 155 patients with haematuria principally as a result of 
improved detection of bladder tumours. The sensitivity of US 
for detection of all urinary tract tumours discovered was 79% 
for US and 64% of IVU, with a lower limit of detection of 
bladder tumour for US of 5 mm in size. US detected fewer 
ureteric calculi than IVU. US combined with a single AXR 
should form the initial out-patient imaging assessment of 
adults with haematuria. 


Statistical correlation of ultrasound and histology in 
renal parenchymal disease—its clinical significance 

J. E. Page, *S. H. Morgan, *J. B. Eastwood, tS. Dilly, tJ. 
Chow, TA. Pottier and A. E. A. Joseph 

Departments of Diagnostic Radiology, * Renal Medicine, 
tHistology and {Public Health Sciences, St George's Hospital, 
Blackshaw Road, London SW17 0Q0T 


Ultrasound examination of the kidneys were performed in 61 
patients undergoing renal biopsy over a 2 year period. 
Sonographic criteria recorded included renal size, parenchymal 
echogenicity and prominence of the medullary pyramids. The 
biopsy specimens were assessd retrospectively for the presence 
of five histological criteria on light microscopy. These included 
three glomerular features (sclerosis, proliferation and crescents) 
and two tubulo-interstitial features (infiltration and atrophy 
and or fibrosis). Biopsies were considered inadequate in six 
patients who were excluded from the study. Ultrasound assess- 
ment and guided biopsy were performed at the same time 
without any knowledge of the clinical diagnosis. Statistical 
analysis was done using the chi-squared test for trend. 
Increased echogenicity was associated with the presence of 
sclerosis, crescents, infiltration and atrophy and/or fibrosis; 
renal size with proliferation and crescents, and prominence of 
the medullary pyramids and sclerosis. Three patients with 
mildly increased echogenicity had normal histology. All 
patients with moderate to marked increase in echogenicity and 
all patients with prominent medullary pyramids had abnormal 
histology. Eleven patients considered to have normal kidneys 
on ultrasound had abnormal histology. In six of these, light 
microscopy was also normal and the diagnosis was made only 
on immunofluorescence. Only minor changes were seen in the 
other five patients using the above histological criteria. Ten of 
the 11 patients with normal ultrasound findings had a good 
prognosis with normal renal function on follow up, indicating 
that in general a normal ultrasound appearance carries a good 
prognosis. In conclusion, the sonographic appearances in renal 
parenchymal] disease reflect specific histological changes and 
their severity. Ultrasound was normal only in patients with 
normal or marginally abnormal light microscopy, and prog- 
nosis was good in all but one of those patients. 


Improvement in ultrasound images by adaptive speckle 
smoothing 

D. C. Crawford, D. O. Cosgrove, W. E. Svensson, E. Tohno, 
B. Al-Murrani, D. S. Bell, K. Stepniewska and J. C. Bamber 
Departments of Ultrasound and Physics, Institute of Cancer 
Research, Royal Marsden Hospital, Downs Road, Sutton, 
Surrey, SM2 SPT 


Adaptive speckle smoothing has been designed to improve 
image contrast, which is likely to be particularly helpful in the 
diagnosis of malignant disease as the contrast for solid tumours 
against a background of normal tissue is often low. The 
processing dramatically alters the familiar appearance of the 
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B-scan display, producing a strong initial impression of blur- 
ring. The acceptability to the radiologist of this alternative 
method of B-scan display has therefore been assessed. Initial 
clinical trials of this technique have evaluated the ease with 
which solid lesions can be detected on ultrasound images of the 
breast and liver. Frozen real-time scans from 83 livers and 71 
breasts, all containing focal lesions, were speckle smoothed 
using a rapid-processing adaptive filter designed to remove the 
speckle components and replace them by their mean grey level 
without degrading true anatomical information. Four radiolo- 
gists took part in the study. The radiologist who performed the 
clinical examination graded the smoothed images visually by 
comparison with the unsmoothed scans, scoring for differences 
in the appearances of the lesions’ margins, preception of the 
texture and echo intensity and in the overall visibility of the 
lesions as well as effects on artefacts. There were no significant 
differences in the results of the four radiologists. The definition 
of the lesion margins was judged to be improved in 38% of 
cases in both groups while 37% of liver metastases were more 
clearly demonstrated. Textural information was enhanced in 
42% and the images were considered to be generally better in 
5095. In the majority of cases artefacts were reduced and there 
was no significant loss of true anatomical detail. Clinical 
evaluation of the adaptive speckle smoothed B-scans has 
demonstrated that image detail 1s easier to see and interpret, in 
particular textural detail and soft tissue lesions of low contrast, 
without loss of significant anatomical detail. 


Paracholecystic sparing of the fatty liver frequency and 
aetiology 

C. Metreweli, M. Arnold, Y. F. Lo and L. Kreel 
Department of Diagnostic Radiology and Organ Imaging, 
Prince of Wales Hospital, Chinese University of Hong Kong, 
Shatin, N.T., Hong Kong 


The fatty liver is a well recognized entity in imaging. So also is 
the phenomenon of sparing of some areas sufficient to cause 
different acoustic reflectivity for ultrasound and in extreme 
cases radiographic attenuation in computerized tomography. 
The resulting imaging can be confusing and cause a misdiagno- 
sis of a primary or secondary tumour of the liver. Paravascular 
pyramidal distribution, segmental isolation, and lack of a mass 
effect in an obviously fatty liver guide toward the correct 
interpretation but occasionally there are smaller areas that do 
not conform so clearly, prompting unnecessary surveillance, 
other investigations and even biopsy. One such area is the 
paracholecystic region of the liver. In this region there is a 
characteristic hypoechogenic pyramid. We see this in 84% of 
our patients with fatty livers. In 25% it is very obvious and in 
3% marked. As it is easily recognizable awareness will avoid 
confusion with sinister diagnoses. The aetiology of pheno- 
menon can be explained by the presence of a rich collateral 
arterial supply to this area from the cholecystic artery which 
can be seen from post-mortem angiographic studies. 


Ultrasound findings in sclerosing cholangitis 

L. J. Yeoman, *J. de Caestecker, *T. C. Northfield and A. E. 
A. Joseph 

Departments of Diagnostic Radiology and * Medicine, St 
George's Hospital, Blackshaw Road, London SW17 0QT 


There have been very few reports of the sonographic findings in 
sclerosing cholangitis. We have reviewed the ultrasound (US) 
scans of IO patients with sclerosing cholangitis diagnosed by 
cholangiography, and/or histology, and of one patient with 
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AIDS-related cholangitis. Amongst the sclerosing cholangitis 
group a number of US signs were present in all or the majority 
of patients, including abnormal liver echotexture with multiple 
pinhead echogenic foci (all patients); ill-defined increased thick- 
ness of intrahepatic duct walls (nine patients); irregular beaded 
appearance of intra- and/or extrahepatic ducts (9); increased 
thickness of the wall of extrahepatic ducts (9) which resulted in 
narrowing the lumen in seven patients; and diffuse thickening 
of the gallbladder wall (6). In five patients there was extensive 
periductal echogenicity. There is an increased incidence of 
benign and malignant gallbladder neoplasms in sclerosing 
cholangitis and in two patients a gallbladder polyp was present. 
Other signs seen less frequently included a focal stricture of the 
common bile duct (3), and gallbladder calculi (1) and sludge 
(1). In two patients a second US examination was performed 
after an interval of 6 and 21 months and the US appearances 
showed progression. A number of these findings were also seen 
in the patient with AIDS-related cholangitis, which is a mimic 
of sclerosing cholangitis at cholangiography. We illustrate 
these signs and discuss the differential diagnosis of the appear- 
ances. We conclude that the diagnosis of sclerosing cholangitis 
can be suggested by a combination of the sonographic findings 
described and discuss the role of US in the investigation of this 
disease. 


The effect of prostaglandins on human gallbladder 
contractility assessed by dynamic biliary ultrasound 
S. I. Stinchcombe, F. E. Murray and C. J. Hawkey 
Departments of Radiology and Therapeutics, University 
Hospital, Queen's Medical Centre, Nottingham NG7 2UH 


Impaired gallbladder (GB) contractility is a prerequisite for 
gallstone formation in animal models. Prostaglandins (PGs) 
are important mediators of gallstone formation, and may affect 
GB contractility in animals. The aim of this study was to 
evaluate the effect of indomethacin, an inhibitor of PG synthe- 
sis and misoprostol, a synthetic PG on GB contractility in man. 
Seven male volunteers (188-33 years, mean age 23 years) were 
studied blindly during control periods and following oral inges- 
tion of indomethacin 125 mg or misoprostol 800 ug orally. 
After an overnight fast, GB residual volume (RV) was deter- 
mined by real-time ultrasonography before and 10, 20, 30, 40, 
50 min after ingestion of a standard liquid fatty meal stimulus. 
Average RV (Ry) minimum RV (Rv4,) and maximal change 
in gallbladder volume {dF ma) were calculated. Gallbladder 
volumes (ml) are expressed as mean (SEM). Administration of 
indomethacin and misoprostol had no effect on GB contracti- 
ity in humans assessed by ultrasonography. The reduced risk 
of gallstones in NSAID-treated patients must be mediated by a 
mechanism other than enhanced GB contractility and is likely 
due to the inhibition of mucin glycoprotein secretion. 











Time Control Indomethacin Misoprostol P 
ü 20.8 (1.6) 20.8 (2.9) 18.3 (1.6) NS 
i0 11.7 (2.2) 15.9 (3.2) 12.2 (2.5) ^ Ns 
20 8.7 (1.5) 8.3 (2.6) 7.6 (2.4) NS 
30 7.5 (1.4) 7.4 (2.5) 7.6 (2.8) NS 
40 8.3 (1.6) 5.9 (1.3) 7.4 (2.5) NS 
50 8.2 (1.6) 6.4 (1.4) 5.8 (1.4) NS 
RV, 8.9 (1.6) 8.8 (2.0) 8.1 (2.2) NS 
Fu 7.0 (1.4) 5.4 (1.1) 4.9 (1.4) NS 
dV a 13.8 (1.8) 15.4 (2.2) 13.3 (1.3) NS 
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Ultrasound and gallbladder calculi: an audit. Are we as 
good as we think we are? 

*J. Walker, TR. T. A. Chalmers, P. L. Allan and TI. F. 
McLaren 

* Department of Radiology and t Department of Surgery, Royal 
Infirmary of Edinburgh, Lauriston Place, Edinburgh EH3 9YW 


Many series suggest that ultrasound is the imaging technique of 
choice for the detection of cholelithiasis and that it is accurate 
in doing so. However, these series are often prospective and the 
examinations performed by experienced sonographers. This 
audit sought to address whether the accuracy is maintained in 
the daily practice of a department. We reviewed 128 patients 
who had had ultrasound scans prior to undergoing cholecystec- 
tomy for cholelithiasis. The ultrasound findings were compared 
with those at surgery. The operative and ultrasonographic 
findings were at variance in 8 of the 128 patients (6.2%). Five 
patients were reported as having gallstones on ultrasound 
though none were found at cholecystectomy; a false positive 
rate for ultrasound of 3.9%. Three patients had abnormal 
gallbladders with no gallstones at sonography, however, gall- 
stones were found at operation; a false negative rate of 2.3%. 
False positive diagnoses are to be avoided as they result in 
unnecessary operations. They may arise because small stones 
are passed in the interval between the scan and surgery, or 
because of the mistaken identification of echogenic foci seen. 
To avoid them alternative imaging should be performed if there 
is any doubt regarding the significance of echogenic foci; either 
cholescintigraphy in a patient with suspected acute cholecystitis 
or an oral cholecystogram in an elective situation. A sonogram 
should be repeated immediately preoperatively if only tiny 
stones are seen and there is an interval between the scan and 
surgery. Some false negative examinations may be avoided by 
performing a repeat following clinical improvement should the 
gallbladder be thick-walled and tender initially but apparently 
contain no stones. With these provisos we conclude from this 
audit that ultrasound is an accurate means of diagnosing 
gallstones in the daily practice of a department. E 


Sequential abdominal ultrasound and the development of 
biliary sludge on the intensive care unit 
S. J. Stinchcombe, F. E. Murray and C. J. Hawkey 


Departments of Radiology and Therapeutics, University 
Hospital, Queen's Medical Centre, Nottingham NG? 2UH 


A large body of experimental and clinical evidence suggests 
that biliary sludge is the precursor of gallstones in a large 
number of affected patients. Several risk factors for the 
development of biliary sludge have been identified including 
total parenteral nutrition, bone marrow transplantation, AIDS 
and following abdominal surgery. but no previous study has 
evaluated the incidence of biliary sludge in intensive care unit 
(ICU) patients. A prospective study of all patients admitted to 
the ICU for longer than 2 days was performed over an 11 week 
period. Patients were studied twice weekly using real-time 
ultrasonography to determine the presence or absence of 
biliary sludge. 36 consecutive patients were evaluated (26 male, 
10 female, mean age 47 years). Sludge developed in 17 of 36 
subjects evaluated (47%), after a mean of 5.5 days. Subjects 
who developed sludge spent longer in the ICU (14.2 days 
(t: 1.2) compared with subjects who did not (8.3 days (+ 1.2); 
p = 0.01. Seven sludge-forming subjects had no previously 
recognized risk factor: five had undergone neurosurgery (and 
had not received TPN), one multiple trauma, and one had 
Gram-negative septicaemia. 10 of the sludge-forming subjects 
had a previously recognized risk factor: TPN (5), abdominal 
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surgery (2) or both (3). All neurosurgical patients (n = 4) who 
received TPN developed sludge. The development of sludge in 
patients receiving TPN was more rapid than previously recog- 
nized (mean 3.1 days). Cholestatic liver biochemistry developed 
in 5/16 non-sludge-forming subjects and in 13/17 sludge- 
forming subjects (p — 0.01). Biliary sludge develops frequently 
and very rapidly in subjects admitted to the ICU. 
Neurosurgical procedures are noted to be associated with 
sludge formation for the first time. As galistone formation is a 
frequent result of biliary sludge formation there is a need to 
develop a regime to prevent or clear biliary sludge in patients 
on the ICU. 


Evaluation of ultrasound assessment of lean body mass 
in normal volunteers 

D. Withers, T. Watt, I. T. Campbell and D. Martin 
Department of Radiology and University Department of 
Anaesthesia, Withington Hospital, University Hospital of South 
Manchester, Manchester M20 8LR 


The normal anthropometric measurements used to assess lean 
body mass, which involve the measurement of skinfold thick- 
ness and mid-arm circumference, are confounded in critically ill 
patients by fluid retention which occurs predominantly in 
subcutaneous tissues and less so in muscle. A non-invasive 
method is needed to assess lean body mass and its loss in 
patients on the intensive care unit in order to determine the 
requirement for nutritional support. In a preliminary study to 
establish whether ultrasound can be used to assess lean body 
mass, 31 healthy volunteers (13 males, 18 females, age range 
19-86 years, mean 30 years) underwent measurement of skin- 
fold thickness and mid-upper arm circumference. Arm muscle 
area and arm muscle circumference were calculated. 
Ultrasound examination using a portable ALOKA SSD 500 
machine with 3.5 MHz linear array probe was used to measure 
muscle thickness in the non-dominant limbs at mid-arm level 
(biceps), lateral head of triceps, mid-forearm anteriorly, mid- 
thigh anteriorly and mid-calf posteriorly. The rectus abdominis 
at the level of the ambilicus was also assessed. Correlation 
coefficients were calculated for lean body mass assessed by 
skinfold thickness and body weight compared with (a) total 
ultrasound muscle thickness (0.95), (b)arm muscle area 
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(0.850), (C) arm muscle circumference (0.841) and (d) mid-arm 
circumference (0.789). In normal volunteers, ultrasound assess- 
ment of muscle thickness measurements are as good an indi- 
cator of lean body mass as the established anthropometric 
measurements. A study is underway using this method to assess 
loss of lean body mass in critically ill patients. 


Advances in endoscopic ultrasonography 

P. J. Shorvon 

Central Middlesex Hospital, Acton Lane, Park Royal, London 
NWIO 7NS 


Whilst the development, in Europe and Japan, of gastroentero- 
logical endosonographic techniques over the last decade has 
been relatively slow, the acceptance of the technology in the 
USA has created a new surge of interest. Advances in endo- 
scopic ultrasonography (EUS) have been both clinical and 
technical. There has been a painstaking accumulation of data 
that has resulted in a number of publications confirming the 
superior accuracy of EUS over alternative techniques in the 
local staging of upper gastrointestinal malignancies. EUS has 
also been shown to be the procedure of choice in identifying 
recurrent tumour at anastomoses as well as in the follow up of 
patients with gastric lymphoma. Recent studies with rectally 
introduced transducers have shown the unique information 
that can be obtained in patients with pathology in and around 
the anal sphincters. Data on staging colorectal neoplasia with 
endosonography are becoming available although the clinical 
value is unproven. The most commonly used equipment for 
upper gastrointestinal EUS remains a rotating mechanical 
sector scanner producing a 360^ image in the plane orthogonal 
to the shaft of the endoscope. However, the equipment now has 
switchable frequencies (7.5 and 12 MHz) and also a biopsy 
channel. Miniature high frequency rotating sector scanners 
which fit down the biopsy channels of standard endoscopes 
have been developed. Electronic phased array and linear trans- 
ducers scanning in the line of the shaft of the endoscope have 
also been developed, some with both duplex and colour 
Doppler capabilities. Transducers incorporated into colonos- 
copes are available allowing complete trans-colonic imaging. 
Three-dimensional reconstruction of EUS images is also under 
investigation. 
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Infantile torticollis--echographic abnormalities, by C. Metreweli, J. C. Y. Cheng and 5. S. Y. Ho 
The role of ultrasound in the assessment of suspected ileo-colic intussusception, by S. Pablot 
Duplex Doppler ultrasound for the detection of vascular occlusion following liver transplantation in children, by D. J. Lomas, P. 


D. Britton, R. A. Coulden, A. Egan and P. Farman 


Ultrasound in limb lengthening, by N. D. J. Derbyshire and A. H. R. W. Simpson 
The value of ultrasound in the assessment of bond, by G. M. Steiner 


Sonography of neonatal abdominal masses, by M. J. Siegel 


The impact of a screening programme on the incidence of late presenting CDH, by Reinhard Graf 


Infantile torticollis—echographic abnormalities 

C. Metreweli, J. C. Y. Cheng and $. 8. Y. Ho 

Department of Diagnostic Radiology and Organ Imaging, 
Prince of Wales Hospital, Chinese University of Hong Kong, 
Shatin, N.T.. Hong Kong 


infantile torticollis or wryneck may be accompanied by the 
presence of a ‘sternomastoid tumour’. Although well recog- 
nized the disease remains a mystery and aetiological explana- 
tions are still plentiful and discordant. There is not even 
agreement whether this condition is a single entity or separate 
entities producing the same result, Against this background it is 
not surprising that the therapy of the condition remains 
controversial with some relying on conservative measures while 
others operate on 'the tumour'. Imaging of this condition has 
been virtually non-existent. This is the first echographic study 
as far as we are aware. We have just completed the initial phase 
of studying 60 children with this condition to establish the 
abnormalities that can be demonstrated and it is these findings 
that we wish to present to the meeting. 


The role of ultrasound in the assessment of suspected 
ileo-colic intussusception 

S. Pablot 

Department of Radiology, Queen Mary's Hospital for 
Children, Carshalton, Surrey 


We have routinely used ultrasound to confirm or exclude 
intussusception prior to treatment in 65 consecutive cases. Of 
these, 41 were positive and 24 were negative. First presentation: 
39 positive cases-—29 were reduced with air enema, six failed 
reductions went to surgery, four had elective surgery on clinical 
grounds; 18 negative examinations— 10 were confirmed by 
negative pneumocolon, eight had no further investigation. 
Suspected re-intussusception: eight cases-six negative with no 
further investigation, two positive reduced by air enema. 
Although this is a small series so far we have had no false 
positives or false negatives, and one positive diagnosis missed 
clinically. We briefly discuss typical ultrasound appearances of 
intussusception and present one case with inflammed Peyer's 
patches confirmed at elective surgery on clinical grounds, and 
one case associated with duplication cyst of the caecum and 
discuss briefly the role of ultrasound in the differential diag- 
nosis of intussusception, mairotation, colitis and small bowel 
intussusception. Conclusion: We find that ultrasound is a quick 
non-invasive method of documenting ileocolic intussusception, 
in assessing underlying pathology, reducing further investi- 
gation in negative cases and in the differential diagnosis. This is 
especially so where air enema is the treatment of choice and the 
X-rays of the bowel are not of good diagnostic quality, and 
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frequently very rapid reduction of ileocolic intussusception may 
lead to doubts about the diagnosis. 


Duplex Doppler ultrasound for the detection of vascular 
occlusion following liver transplantation in children 

D. J. Lomas, P. D. Britton, R. A. Coulden, A. Egan and P. 
Farman 

Departments of Radiology, Addenbrooke's Hospital, 
Cambridge CB2 20Q 


Sixty-three children and adolescent patients who received 78 
consecutive orthotopic liver transplants and had serial duplex 
ultrasound monitoring were retrospectively reviewed for 
episodes of occlusion of the hepatic artery or portal vein. There 
were 13 documented episodes of complete occlusion of the 
main hepatic artery or a major branch, of which nine were 
diagnosed by the absence of flow during duplex ultrasound 
examination. Four occlusions were not detected, two affected 
hepatic artery branches, one an accessory hepatic artery, and 
one the main hepatic artery. The overall sensitivity of the 
method was 69% and specificity 100%. Six portal vein occlu- 
sions were documented in five patients and all six were success- 
fully diagnosed on ultrasound examination, giving a sensitivity 
and specificity of 10094. Three of the patients had simultaneous 
occlusions of both vessels. In the early post-operative period, 
duplex Doppler ultrasound examination has proved an effec- 
tive non-invasive method for the detection of vascular occlu- 
sion, but is not yet sensitive enough to replace angiography 
fully for the detection of hepatic artery occlusion, particularly 
when this occurs distal to the main hepatic artery. 


Ultrasound in limb lengthening 

N. D. J. Derbyshire and A. H. R. W. Simpson 
Departments of Radiology and Surgery, Nuffield Orthopaedic 
Centre NHS Trust, Windmill Road, Headington, Oxford, 
OX3 7LD 


The Hizarev technique for limb lengthening involves an osteo- 
tomy followed by distraction of the two parts of the bone using 
an external frame. With its more widespread adoption there is 
an increasing need to develop quick and reliable imaging 
techniques for monitoring the rate and quality of new bone 
formation during the distraction osteogenesis. Traditionally 
plain films have been used to monitor new bone formation and 
measure the bone gap at the osteotomy site. In our unit, as in 
others, we have performed serial ultrasound examinations of 
the distraction site using a 10 MHz or 7.5 MHz transducer. 
The gap between the margins of mature callus can be quickly 
and accurately measured and the degree and quality of 
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maturing new bone assessed, as judged by the presence of a 
uniform lamellar pattern of echoes and the absence of echo-free 
regions. These areas of decreased echogenicity sometimes seen 
in the developing new bone have been shown to be fluid-filled 
cysts, the formation of which is thought to indicate too rapid a 
rate of distraction. Ultrasound also provides a new form of 
information not available from plain radiography, namely the 
ability to calculate the rate of new bone formation during 
distraction osteogenesis. Measurements obtained from ultra- 
sound and plain films can be used to calculate the amount and 
rate of new bone formation and when represented graphically it 
is possible to infer whether the rate of lengthening is too slow 
potentially leading to premature consolidation, or too fast with 
the prospect of non-union. Too rapid a rate also correlates with 
the formation of above mentioned cysts. When seen, lengthen- 
ing can be slowed or reversed until the cyst disappears. By use 
of ultrasound we have also found that the number of follow up 
plain films can be reduced, in some of our patients by 5094. 
With these benefits we commend ultrasound as a valuable 
technique, to complement plain film radiography, in the follow 
up of patients undergoing limb lengthening procedures. 


The value of ultrasound in the assessment of bone 

G. M. Steiner 

Sheffield Children's Hospital, Western Bank, Sheffield 

S10 2TH 

The presence of bone is usually a contraindication to the use of 
ultrasound. This paper illustrates how bone itself can be 
assessed for bone regeneration, inflammation, trauma and 
involvement by tumour. Further investigations can conse- 
quently be planned and the patient saved irradiation. 


Sonography of neonatal abdominal masses 

M. J. Siegel 

Mallinckrodt Institute of Radiology, Washington University 
School of Medicine, 510 South Kingshighway Blvd, St Louis, 
Missouri 63110, USA 


Renal masses account for about 55% of all abdominal masses 
in the newborn. The most common neonatal renal masses are 
hydronephrosis and multicystic dysplastic kidney. Polycystic 
kidney disease and renal vein thrombosis occur but are far less 
common. Sonographic findings of hydronephrosis include 
multiple cystic structures of uniform size which communicate 
with each other and with a dilated renal pelvis, visualization of 
a dilated ureter in cases with distal obstruction (e.g. ureterove- 
sical junction obstruction, duplication with an ectopic ureter or 
ureterocele, and posterior urethral valves), and visible renal 
parenchyma. Multicystic dysplastic kidney is characterized by 
anechoic masses of variable size with a random distribution, no 
connection between between the cysts, and absence of renal 
parenchyma. Both autosomal recessive and dominant forms of 
polycystic kidney disease produce bilateral renal enlargement 
with increased echogenicity, poor definition of the central 
pelvocalyceal complex and occasionally discrete cysts. Biopsy 
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and/or family history is required for differentiation of auto- 
somal recessive and dominant forms of the disease. Renal vein 
thrombosis also causes enlarged, echogenic kidneys early in the 
course of the disease. As cellular infiltration and fibrosis 
develop, the kidneys appear hypoechoic and of variable size. 
An echogenic filling defect representing thrombus may also be 
identified in the renal vein or inferior vena cava. Non-renal 
retroperitoneal masses account for 1094 of neonatal abdominal 
masses and are almost entirely comprised of adrenal haemor- 
rhages and rare neuroblastomas. On sonography, both adrenal 
haemorrhage and neuroblastoma may appear echogenic, 
complex or cystic. Genital masses (e.g. hydrocolpos and 
ovarian cysts) and gastrointestinal masses (duplications and 
mesenteric cysts) each account for about 15% of masses. The 
remainder of neonatal abdominal masses are hepatobiliary 
masses (5%). 


The impact of a screening programme on the incidence 
of late presenting CDH 

Reinhard Graf 

A 8852 Clinic Stolzalpe, Austria 


Since 1981 hip ultrasound has been routinely performed in our 
clinic. Up to 1987, 16916 babies were checked and 1990 
reviewed. Additionally in the period 1987 to 1988 a general 
newborn screening programme was performed as a pilot study 
in 6341 babies. Results: In the non-screened pool, the age of the 


babies at the beginning of treatment decreased steadily from 20 


weeks of life to 10:7 weeks. The age at the end of treatment 
decreased from 48 to 36 weeks. AC and CE angle, checked with 
X-rays 2 years after the end of treatment, had in this period 
steadily improved. In the screening pool all babies who needed 
treatment had been detected before the 6th week of life, treat- 
ment could be stopped at the average age of 7.5 months with 
totally normal hip Joints, no head necrosis occurred and no late 
operations, such as acetabuloplasty, etc., were necessary. The 
rate of pathological hip joints picked out by ultrasound (US) is 
1.5-3%. Correlation with clinical findings: This is rather poor. 
In dislocated joints (Type HI/IV) the correlation was 60*5/ 
100%, but in the borderline cases (sonographically unstable 
joints Type Ic/D) 50% looked clinically normal! In the high 
risk pool (breech position, family history, etc.) only 30% had 
pathological joints. In order to obtain these excellent results it 
is necessary to have good organization and a perfect method. 
Method: A strictly standardized examination technique with 
reproducible plane is used. Exact classification is made into 
four basic types, the measurement technique classifving the 
bony and the cartiliage roof. Detection of "clinically normal" 
but sonographically unstable joints (Type Hc/D) is made using 
a 5 and 7.5 MHz linear transducer (no sector scanners). The 
method is of use up to an average age of 12 months. The lateral 
approach is recommended and gives the best information. 
Dynamic ( — stress) examination is additionally performed in 
borderline cases (Type Uc/D) to detect unstable joints. 
Conclusion: The aim of US investigation is not only to pick out 
dislocated joints, but to detect borderline cases which also need 
treatment and cannot be diagnosed by clinical testing. 
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Ultrasonographic assessment of patients with anorectal disorders, by D. Kumar, J. Olliff, C. Hutchinson and J, A. Williams 
Rectal endosonography and guided biopsy in the evaluation of recurrent rectal carcinoma, by M. B. Nielsen, J. F. Pedersen and J. 


Christiansen 


Sonography in the evaluation of the male anterior urethra, by P. W. P. Bearcroft and L. H. Berman 
Conventional 15G needle technique for renal biopsy compared with ultrasound-guided spring-loaded 18G needle biopsy, by N. J. 


A. Cozens, J. T. Murchison, P. L. Allan and R. J. Winney 


Ultrasonographic assessment of patients with anorectal 
disorders 

*D. Kumar, tl. Olliff, tC. Hutchinson and *J. A. Williams 
* Departments of Surgery and t Radiology, Queen Elizabeth 
Hospital, Birmingham 


Assessment of the anorectum is conventionally made by anal 
manometry and videoproctography. We have evaluated the 
usefulness of endo-anal ultrasonography (EAUJ) in the assess- 
ment of anorectal disorders. 20 patients with faecal inconti- 
nence, five patients with haemorrhoids, four patients with 
fissures in ano and six other patients with other defaecatory 
problems were investigated using a 7 MHz probe (Bruel and 
Kaejer) Subjects were investigated in the left lateral position. 
Assessments were made at three different levels—-lower, mid 
and upper anal canal. 33 of the 35 patients studied (94%) 
showed abnormalities in one or more level of the anal canal. 
Thirteen of the 20 (65%) patients with faecal incontinence 
showed an anterior deficiency of either EAS, IAS or both. Four 
patients had a clearly identifiable gap in the subcutaneous EAS 
anteriorly. One patient had a posterior defect and the other two 
patients had lateral defects, The site and size of haemorrhoids 
could be identified in all five patients. Three patients showed 
evidence of associated mucosal prolapse. The patients with the 
fissures in ano showed a mucosal defect but the sphincters were 
uniform in shape. In the remaining mixed group of patients 
two showed rectoceles which were made worse on straining, 
one had rectal prolapse and three patients with peri-anal 
Crohn's disease showed gross tissue oedema, but no sphincter 
damage or localized collections. We conclude that EAU is a 
useful and relatively non-invasive means of assessment for ano- 
rectal disorders. We believe that it will play a major role in not 
only pre-operative assessment but also evaluation of surgical 
repair of anal sphincters. 


Rectal endosonography and guided biopsy in the 
evaluation of recurrent rectal carcinoma 

M. B. Nielsen, J. F. Pedersen and J. Christiansen 
Department af Radiology and Ultrasound and Department of 
Surgery D, University of Copenhagen, Glostrup Hospital, 
DK-2600 Glostrup, Denmark 


Rectal endosonography was performed in 12 patients who had 
undergone low anterior resection of the rectum for carcinoma. 
Endosonography was performed using a 7 MHz axial endo- 
probe and a 7 MHz multiplanar endoprobe. Local recurrence 
was suspected by endosonography in eight patients, by recto- 
scopy in three patients. In five patients an extraluminal recur- 
rence was suspected by endesonography but not by rectoscopy. 
In these patients transrectal biopsies were performed under 
sonographic guidance using the multiplanar endoprobe. We 
used fne needle aspiration. biopsies, in some cases combined 
with core biopsies. In three patients biopsy confirmed the 
recurrence. In the remaining two patients, repeated endosono- 
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graphy showed no sign of progression of the lesions over an 
observation time of nine months. These lesions were considered 
post-operative changes. The biopsy technique and the endo- 
sonographic appearances of recurrent carcinomas are 
discussed. 


Sonography in the evaluation of the male anterior 
urethra 

P. W. P. Bearcroft and L. H. Berman 

Department of Radiology, Addenbrooke's Hospital, Cambridge 
CB2 200 


Contrast ascending urethrography is considered the imaging 
technique of choice in demonstrating suspected abnormalities 
of the anterior urethra. Sonography of the urethra was 
evaluated in 21 subjects undergoing conventional urethro- 
graphy. Following the urethrogram, studies were obtained 
utilising a 7.5 MHz linear array transducer and direct skin 
contact on the penis, scrotum and perineum. Distention was 
achieved with a catheter anchored in the navicular fossa 
infusion of contrast. Normal structures that can be defined 
include the corpora cavernosa and spongiosum, the urethral 
lumen and its mucosal lining. Contraction of the bulbo-caver- 
nosus muscle and urogenital diaphragm can be visualized. 
Sonography was considered normal in nine patients and this 
was confirmed by the urethrogram. There were two cases of 
sonographic false negatives: a thin bulbar urethral web and 
subtle urethrographic mucosal irregularity were not detected in 
one patient and a small bulbar post-operative diverticulum was 
overlooked in the other. These errors occurred early in the 
series when the technique was unfamiliar. Sonography accur- 
ately identified all other focal and diffuse urethral strictures as 
well as two urethral diverticula. Fine urethral irregularity on 
the contrast study was correctly identified sonographically in 
four cases and generalized lack of urethral distension in five. 
Sonography detected a urethral mucosal flap missed on the 
contrast study. Urethral filling defects thought to be bubbles on 
urethrography were defined by ultrasound as soft tissue masses. 
In addition thickening of the periurethral tissues associated 
with a stricture was visualized sonographically in three studies. 
These results suggest that ultrasound is a radiation-free alterna- 
tive in the assessment of the male urethra. 


Conventional 15G needle technique for renal biopsy 
compared with ultrasound-guided spring-loaded 18G 
needle biopsy 

N. J. A. Cozens, J. T. Murchison, P. L. Allan and R. J. 
Winney 

Departments of Radiology and Renal Medicine, Royal 
Infirmary of Edinburgh, Lauriston Place, Edinburgh EH3 9YW 
Two techniques for percutaneous renal biopsy were retrospec- 
tively reviewed to assess their relative safety and efficacy. 
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Ultrasound localization of the kidney by a radiologist with 
subsequent biopsy performed by a renal physician using a 
hand-held 15G cutting needle (Tru-Cut) was compared with 
biopsy performed by a radiologist using an 18G cutting needle 
with a spring-loaded biopsy device (Biopty) and real-time 
ultrasound guidance. The 18G Biopty needle with real-time 
ultrasound is more reliable at retrieving an adequate specimen 
for histological examination (93%) than the "conventional" 
technique (79%) (7°, p < 0.05). This is probably due to the 
more accurate localization of the needle in the renal cortex 
which results from the real-time guidance. Fewer complications 
occurred in the Biopty group (15% v. 26%) although the 
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difference did not reach statistically significant levels. The mean 
length of stay in hospital was significantly shorter for elective 
biopsies with the Biopty device; 1.80 compared to 2.93 nights 
(p < 0.01), 9595 confidence interval 0.34 to 1.92 nights differ- 
ence) Since the introduction of the Biopty technique we are 
increasingly prepared to biopsy patients who were previously 
regarded as high risk. This facilitates an earlier diagnosis 
expediting appropriate therapy. The technique is associated 
with minimal pain and appears much more acceptable to the 
patient. We would recommend the use of the Biopty device 
with an 18G needle and real-time ultrasound guidance as the 
method of choice for percutaneous renal biopsy. 


A comparison of exposure and bio-acoustic endpoints in therapy and pulsed Doppler fields, by H. C. Starritt and F. A. Duck 
In situ ultrasound exposure in obstetric examinations, by K. V. Ramnarine, D. K. Nassiri, J. M. Pearce, A. E. A. Joseph, R. H. 


Patel and T. R. Varma 


Tinnitus produced during transcranial Doppler sonography of the basilar artery, by T. R. Magee, J. K. Hayward, A. H. Davies, 


M. Halliwell and M. Horrocks 


Directionality and temperature dependence of the ultrasonic properties of bone, by J. A. Evans and M. B. Tavakoli 
Ultrasonic bone assessment: is wavefront aberration the principal limitation of current technology? by P. A. Robins, G. Petley, J, 


D. Aindow and J. Bottle 


Correlation between histology and ultrasonic propagation properties of excised human skin, by C. M. Moran, N. L. Bush and J. 


C. Bamber 


Development of an expert system for aiding the ultrasonic diagnosis of solid breast masses, by K. Stepniewska, D. O. Cosgrove, B. 


Al-Murrani, E. Tohno, W. E. Svensson and J. C. Bamber 


Ultrasound resolution enhancement by signal averaging, by R. A. Harris, M. Halliwell and P. N. T. Wells 
Three-dimensional colour flow mapping imaging for improved assessment of vascular disease, by K. B. Modaresi, M. G. Taylor 


and T. S. Padayachee 


The development of three-dimensional ultrasound venographic techniques for the lower limb venous system: preliminary report, 
by K. N. Humphries, R. A. Reynolds, K. Willson and D. O'Keefe 


A comparison of exposure and bio-acoustic endpoints in 
therapy and pulsed Doppler fields 

H. C. Starritt and F. A. Duck 

Medical Physics Department, Royal United Hospital, Combe 
Park, Bath BAI 3NG 


A detailed comparison of the ultrasonic exposure in water from 
a therapeutic beam and a pulsed Doppler beam, produced by a 
Therasonic-1032 and an Acuson-128 scanner, respectively, is 
presented. A significant overlap in acoustic power was found 
between therapy intensity levels used clinically and the upper 
end of the diagnostic range, between approximately 100 and 
200 mW. In addition, pulse pressure amplitudes in the range 
500-1000 MPa were measured close to the transducer on both 
units. The streaming velocities generated in water by each beam 
were measured. In the diagnostic beam, streaming velocities up 
to 14 em ^! were seen. Theoretically maximum streaming velo- 
cities up to 40 cm~! were calculated for the therapy beam. 
However experimentally it was shown that the velocity is 
limited by turbulence. In the pulsed Doppler beam a maximum 
temperature rise of 2°C was measured in tissue in vitro. This 
was similar to the heating produced in the therapy beam at 
intensity levels commonly used clinically. A liquid crystal 
method was used to visualize the heating distribution. It is 
common practice to use physiotherapy units at pulse average 
intensities of 0.5 W/cm or less. At these levels exposures and 
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biophysical effects of similar magnitudes may be obtained with 
beams currently defined as therapeutic and those available 
from pulsed Doppler equipment. 


In situ ultrasound exposure in obstetric examinations 
*K. V. Ramnarine, *D. K. Nassiri, tJ. M. Pearce, TA. E. A. 
Joseph, tR. H. Patel and T. R. Varma 

* Departments of Medical Physics and Bioengineering, 
tObstetrics and Gynaecology and {Diagnostic Radiology, St 
George's Hospital, London SW17 0QT 


Determination of patient exposure to ultrasound is of consider- 
able interest for assessing the safety of ultrasound and estab- 
lishing standards. A plane layered tissue model has been used 
to determine fetal exposure to ultrasound during typical 
obstetric clinical applictions. The model assumes plane homo- 
geneous layers of tissue of known thickness, attenuation and 
acoustic. impedance. Incorporation of measured overlying 
tissue thicknesses (mean, standard deviation, ranges, etc.) with 
data on thé acoustic properties of tissues in the tissue model 
enables the in situ intensity to be determined. Overlying tissue 
thicknesses are measured for a selection of routine planes used 
in obstetric scans. For the first trimester pregnancy, the scan of 
the crown rump length is collected. Scans for the second and 
third trimester pregnancies include: the biparietal diameter 
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(BPD), the cross-section of the fetal abdomen; the mid-line 
maternal sagittal and transverse scans; the Doppler scans to the 
ieft and right maternal uterine artery, and the fetal umbilical 
cord. Preliminary results from over 50 BPD cases have yielded 
a minimum and maximum fetal skull depth of 0.9 cm and 
5.1 em, respectively, with a mean of 2.3 cm. The corresponding 
minimum and maximum attentuation using conservative esti- 
mates of attenuation coefficients for overlying tissues are 
0.7 dB/MHz and 2.9 dB/MHz, respectively, with a mean of 
1.4 dB/MHz. Values calculated for the in situ intensity from a 
comprehensive study of over 50 cases for each of the three 
trimesters will be presented. The largest source of error in the in 
sifu intensity is due to the scarce and unreliable data on the 
acoustic properties of tissues. 


Tinnitus produced during transcranial Doppler 
sonography of the basilar artery 

T. R. Magee, J. K. Hayward, A. H. Davies, M. Halliwell and 
M. Horrocks 

Vascular Studies Unit, Bristol Royal Infirmary, Bristol 

BS2 HW 


The use of transcranial Doppler sonograph (TCD) to observe 
changes in velocity of flow in the basal cerebral arteries 1s well 
established. The three commonly used approaches are the 
temporal, basilar and transorbital. Manufacturers of ultra- 
sound equipment and clinicians have set maximum transmitted 
power levels for transorbital insonation; damage to the retina is 
a possibility. No other such recommendations exist for the 
other approaches. During routine use of TCD it was noted that 
high pitched tones, similar to tinnitus could be heard by the 
subject when the basilar artery was sought. Ten volunteers with 
no evidence of hearing impairment were examined. The 
subjects were asked to identify any noises heard during basilar 
artery insonation with their ears plugged. The effects of depth 
gating and transmitted power were noted. All 10 subjects heard 
high frequency tones. As the pulse repetition frequency 
changed to allow different depth ranges so did the pitch of the 
tones, Eight subjects identified the tones increasing as the pulse 
repetition increased. In all cases, as transmitted power 
decreased the loudness diminished. The “tinnitus” effect was 
highly dependent on probe position and direction. This is an 
example of previously unreported subjective effects of ultra- 
sound. It may be that the tones heard are due to stimulation of 
the auditory nerve before it enters the internal auditory 
foramen, by bursts of ultrasound at the pulse repetition 
frequency. The exact mechanism of this effect must be clarified 
further; we are carrying out the same experiments on patients 
with deafness of nerve, and conductive origin. Until. further 
information is available, H would seem prudent to use the 
minimum transmitted power possible to obtain a satisfactory 
signal from the basilar artery. 


Directionality and temperature dependence of the 
ultrasonic properties of bone 

J. A. Evans and M. B. Tavakoli 

Department of Medical Physics, The General Infirmary, Leeds 
LSI 3EX 


There has been increased interest in the use of ultrasound in the 
diagnosis of bone pathologies, in. particular, osteoporosis. A 
number of parameters such as velocity, attenuation and the 
slope of attenuation with frequency, have been evaluated as 
diagnostic tools. However, the dependence of these parameters 
on temperature and on direction relative to the load-bearing 
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axes is largely unknown. In this study, we have measured the 
velocity and attenuation of a number of samples of bovine 
cancellous bone as a function of frequency, direction. and 
temperature. In addition, we have studied the same properities 
for the major bone constituents; marrow fat, hydroxyapatite 
and collagen. The results show a significant directional depen- 
dence for both the velocity and attenuation of bone but almost 
no temperature dependence. While the velocity differences are 
closely linked to the direction of the load-bearing axis, the 
variations in attenuation are more complex. The data obtained 
from bone constituents allow a reasonable prediction of velo- 
city to be made but not attenuation. The constitutent materials 
were found to have both positive and negative temperature 
coefficients of velocity and it appears that these largely cancel 
out in vivo. 


Ultrasonic bone assessment: is wavefront aberration the 
principal limitation of current technology? 

*P. A. Robins, tG. Petley, *J. D. Aindow and fJ. Bottle 

* Dorset County Hospital, Dorchester, Dorset, YSouthampton 
General Hospital, Southampton, Hampshire, and 1 Marconi 
Underwater Systems, Templecombe, Somerset 


The last decade has seen a rapid growth in interest in assessing 
bone fracture risk and techniques for the early detection of 
osteoporosis. Ultrasonic methods such as broadband ultra- 
sonic attenuation and in vivo speed of sound estimates have 
been developed but have so far received limited clinical accept- 
ance. In fact, ultrasonic propagation parameters in scattering 
media (as bone may be expected to be) are notoriously difficult 
to assess with accuracy. The almost universal approach of 
using large aperture receivers may well introduce severe spatial 
averaging artefacts. In order to determine the magnitude of 
these uncertainties we have performed a series of im vivo 
measurements using a specially developed small element array. 
Data from this array enables the emergent wavefronts from 
bone to be spatially characterized in both amplitude and phase. 
Preliminary in vivo experimental data from this fundamental 
approach will be presented and its implications for the future 
of ultrasonic bone assessment discussed. 


Correlation between histology and ultrasonic 
propagation properties of excised human skin 

*C. M. Moran, TN. L. Bush and tJ. C. Bamber 

* Department of Medical Physics and Medical Engineering. 
Royal Infirmary, Edinburgh, EH3 9YW, and * Physics 
Depariment, Institute of Cancer Research, Royal Marsden 
Hospital, Downs Road, Sutton, Surrey 


We have previously described the apparatus and techniques 
developed for measuring the acoustic properties of excised skin 
tissues, This paper reports the results of applying these 
methods and correlating the acoustic results with the histo- 
logical properties of sections from excised human skin samples. 
Fight normal skin samples and one benign compound and 
intradermal naevus were excised from two cadavers. The 
samples were taken from four major sites on the body—the 
upper and lower back, the chest and abdomen. After removal 
of the excess fat, the skin samples were sutured into 4 cm 
diameter perspex templates, with sufficient tension to ensure 
that the samples returned to their i» vivo dimensions. After 
scanning, the mounted samples were then frozen in a liquid 
nitrogen bath to retain their structural and cellular integrity. A 
series of sections, 4 um thick, were then taken at the depth of 
the region of interest and subsequently selectively stained for 
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collagen (picro-sirius stain), and fat (Oil Red-O). The sections 
were then scanned using a system capable of producing maps 
of specified quantities, such as percentage content by area of 
the stained tissue components. The results from this study 
showed that a positive correlation was obtained between inte- 
grated attenuation. (over the 20-30 MHz range) and the 
percentage content of picro-sirius stain. The magnitude of the 
speed of sound and attenuation values were compared to those 
in the literature and agreed well with other skin data collected 
over a wide frequency range of 0.6-100 MHz. Negative, but 
statistically insignificant, correlations were obtained for all 
samples between integrated attenuation and fat content. In 
comparison to extrapolated data from other soft tissues, the 
magnitude of the calculated backscatter coefficients appeared 
to be low and no significant correlation was obtained between 
integrated backscatter and either fat or collagen content. 


Development of an expert system for aiding the 
ultrasonic diagnosis of solid breast masses 

*K. Stepniewska, TD. O. Cosgrove, B. Al-Murrani, E. 
Tohno, W. E. Svensson and *J. C. Bamber 

* Joint Department of Physics and t Department of Nuclear 
Medicine and Ultrasound, The Institute of Cancer Research 
and The Royal Marsden Hospital, Downs Road, Sutton, 
Surrey, SM2 5PT 


We previouslv described a computerized database for storing 
and quantitatively devaluating diagnostic features of breast 
cancer obtained from a visual analysis of real-time B-mode 
images. In this study, 128 cases of solid breast lesions (32 of 
which were malignant) were used (a) in a preliminary analysis 
to identify those features which contribute most to the diag- 
nosis and (b) as a training data set for generating classification 
rules. Two methods of discrimination were used, for compari- 
son of their diagnostic performance and their ranking of the 
most important features: linear discriminant analysis (LDA) 
and "classification and regression trees" (CART). LDA makes 
assumptions about the distribution of data, is strictly valid only 
for continuous numerical features and produces a classification 
rule in the form of an equation. CART is a non-parametric 
method which creates diagnostic decision trees. On the training 
set, both methods performed well, showing that diagnostic 
accuracies using 8-10 features was as high as when all the 
features were used, and producing estimated error rates of 8% 
for LDA and 7% for CART. However, the specific sub-sets of 
features selected by each of the two methods were slightly 
different. Using this information an easy to use on-line expert 
system, written in C and running on an IBM compatible PC, 
has been constructed around 12 of the best diagnostic features. 
The system incorporates both LDA and CART. Diagnostic 
predictions are provided only after the operator has entered 
his/her own opinion of the diagnosis. At any time new cases 
with confirmed diagnoses may be added, enabling the classifi- 
cation rules to be updated and system performance to be 
improved. Objectives include the evaluation of the usefulness of 
this system in training radiologists and in helping them to 
improve their performance in the task of diagnosing breast 
masses using real-time ultrasonic imaging. 


Ultrasound resolution enhancement by signal averaging 
R. A. Harris, M. Halliwell and P. N. T. Wells 

Department of Medical Physics and Bioengineering, Bristol 
General Hospital, Guinea Street, Bristol BS1 6SY 

All imaging, unless it faithfully reproduces the original object, 
is imperfect, and a major factor in that imperfection is the 
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presence of undesirable noise. One particular method of 
reducing artefactual noise from an image is by coherent signal 
averaging. Theory predicts that this technique has the ability to 
improve signal-to-noise ratio by an amount proportional to the 
square root of the number of averages employed. In ultrasonic 
imaging, this would allow a higher than conventional scanning 
frequency to be used to investigate a region of interest, or 
equally, allow increased penetration at a particular frequency. 
This paper describes current investigations into the practical 
potential of this approach. Signal averaging has been found to 
have certain limitations determined by the presence of coherent 
noise in the radiofrequency echo signal and also by transducer 
or tissue motion. However, by minimizing these undesirable 
factors and their effects, it has been shown that averaging 
techniques can enhance ultrasonic B-mode resolution. 


Three-dimensional colour flow mapping imaging for 
improved assessment of vascular disease 

K. B. Modaresi, M. G. Taylor and T. S. Padayachee 
Ultrasonic Angiology Research Group, Division of Radiological 
Sciences, UM DS, Guy's Hospital, London 


An IBM-compatible based system for the three-dimensional 
(SD) representation of ultrasound colour flow mapping (CFM) 
images has been developed. Serial image slices were frame 
grabbed from the CFM (ACUSON 128, Mountain View, 
California) and in conjunction with spatial positioning and 
cardiac phase information, the image slices were reconstructed 
into 3D representations. The scanning protocal involved 
rotating the probe head about a fixed position in space and 
simultaneously recording the images and the associated angular 
changes of the probe. An electrocardiogram trigger was used to 
detect the QRS complex to ensure that all image grab opera- 
tions were collected at the same point in the cardiac cycle. In 
addition, by detecting the R wave, it was possible to collect 
information at different phases in the cardiac cycle and hence 
record temporal changes in blood flow. They were used to 
prepare pulsating 3D representations of the two-dimensional 
(QD) flow maps. By reconstructing the data at different viewing 
planes/angles, it was possible to generate a cine sequence of the 
3D representations. Post-processing of the data allowed for the 
detection of the edges of the vessels within the regions of 
interest which were then mapped into 3D space forming a wire 
frame model of the SD images. The wire frame model was 
superimposed on to the 3D images thus allowing the user to 
highlight a specific edge and view the corresponding 2D image 
and associated velocity profiles along a user chosen path. The 
system has been validated in vitro, and image reconstructions 
from test rigs and volunteers will be presented. It is envisaged 
that this 3D format could provide a more accurate and easily 
comprehensible representation of vessel geometry and asso- 
ciated flow patterns which could in turn improve the sensitivity 
for detection of vascular disease. 


The development of three-dimenstional ultrasound 
venographic techniques for the lower limb venous 
system: preliminary report 

K. N. Humphries, R. A. Reynolds, K. Willson and D. 
O'Keefe 

Royal Postgraduate Medical School, Hammersmith Hospital, 
Du Cane Road, London W12 ONN 

A study is in progress to investigate the feasibility of using 
image processing techniques to obtain three-dimensional (3D) 
displays of arterial and venous morphological and haemo- 
dynamic information obtained from ultrasound image arrays. 
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An Acuson 128 colour Doppler system was used to obtain 
parallel transverge image planes of 2.5 mm inter-plane spacing 
for the lower limb venous system, from approximately 3 cm 
from the medial malleolus to the mid-calf region, in normal 
volunteers. A video capture card in a 386 microcomputer was 
used to transiate the RGB signal into three colour plane arrays 
of 640 x 350 pixels, 8 bits per pixel. The data arrays were 
transferred to a "Context Vision" image processing computer 
system and were further processed using "Analyze" a 3D 
software analysis package. Work is in progress to separate the 
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haemodynamic from the morphological information to enable 
the display of the venous network. 3D displays of the super- 
ficial, communicating, deep and anastomotic veins will be 
shown. Further image manipulation techniques are being 
investigated to incorporate skeletal information into the vessel 
displays. The 3D displays obtained from the colour Doppler 
imaging data indicate the considerable potential of this tech- 
nique both in the development of ultrasound venography and 
in assessing the haemodynamics of the venous system. 


Ultrasound in neurology, by Yu. M. Nitikin and A. I. Trukhanov 


Paediatric neurosonography, by T. Jaspan 


Multiplanar ("3D") neonatal neurosonography: initial clinical experience, by J. Spencer, A. Alexander, R. Nandekumar and B. 


Goldberg 


Ultrasound in neurology 

Yu. M, Nitikin and A. L Trukhanov 

Radiology Department, Scientific- Research Institute of 
Neurology, The USSR Academy of Medical Sciences, 
Volokolamsk Highway 80, Moscow 123367, USSR 


Nowadays ultrasound is one of the leading diagnostic modali- 
ues in angioneurology where it is widely used in detecting 
cerebrovascular brain damages. The purpose of the paper is to 
demonstrate new diagnostic possibilities of ultrasound in neur- 
ology based on a complex computer archive of the ultrasound 
patients' data and on functional diagnostic model of the brain 
blood supply. The work is the result of the authors’ Doppler 
and duplex ultrasound study of extra- and intracranial blood 
vessels done on more than 20000 patients with various cerebro- 
vascular pathology. Such complex Doppler diagnosis made it 
necessary to unite all the ultrasound instruments in a net with a 
IBM PC/2 386 as a central controlling computer. This allowed 
us to form a unified patients’ data archive and design an 
expertise system for Doppler ultrasound diagnostics. The 
archiving of ultrasound study results made it possible to build 
up a body of data which could be lately used for quick 
assessment of the patients’ cerebrovascular haemodynamics 
with follow up possibilities. The Doppler diagnostic net has 
opened a new avenue for a comprehensive non-invasive study 
of cerebrovascular circulation and helped to design a model of 
the brain blood supply. The latter is supposed to bridge the gap 
hetween the pure theoretical problems of diagnostics and the 
real vascular pathology of a patient. The brain blood supply 
computer model and the follow up of the patients will contri- 
bute to solving one of the fundamental and disputable ques- 
tions of the modern angioneurology, that is the choosing of an 
adequate treatment (surgery, drug therapy) for cerebrovascular 
patients so that the existing formal system of indications for 
surgery could be individualized on the basis of the cerebrovas- 
cular haemodynamics evaluation of a concrete patient. 


Paediatric neurosonography 

T. Jaspan 

Department of Radiology, University Hospital, Nottingham 
NG7 2UH 

With the advent of more sophisticated technology, the poten- 
tial value and role of ultrasound (US) in the examination of the 
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infant brain and spine has greatly increased. This paper 
addresses the wider uses of US for disease states other than the 
long-established areas of perinatal hypoxiaischaemia, haemor- 
rhagic and hydrocephalic states. The development of colour 
Doppler imaging has further enhanced the potential for a 
haemodynamic assessment of the intracranial vasculature as 
well as permitting vascular mapping and the exciting recent 
development of cerebrospinal fluid flow assessment in hydroce- 
phalus. High-resolution scanning now provides exquisite detail 
of normal and pathological anatomy. The role of US in the 
examination of intracranial trauma and, in particular, non- 
accidental injury will be discussed with emphasis on near-field 
high-definition scanning. The value of US in the investigation 
of congenital malformations, tumours and infection will be 
reviewed in the context of current neuro-imaging modalities. 
Spinal sonography is largely limited by the degree of ossifica- 
tion of the posterior neural arches. A potential "window" is 
maintained for a variable period of up to 6-9 months. Prior to 
this the intraspinal contents are accessible for the assessment of 
spinal dysraphic lesions, the commonest indication for spinal 
sonography in the infant. The advantages and limitations of 
this technique are discussed. 


Multiplanar (“3D”) neonatal neurosonography: initial 
clinical experience 

J. Spencer, A. Alexander, R. Nandekumar and B. Goldberg 
Division of Ultrasound, Thomas Jefferson University Hospital, 
Philadelphia, USA 


In recent years, three-dimensional (3D) imaging has been 
achieved with computed tomography using reconstructions 
from thin contiguous/overlapping sections and with magnetic 
resonance imaging using acquisition of data from a volume of 
tissue. Since the beginnings of ultrasound (US) imaging there 
has been interest in the production of SD images. Recent 
advances in computer technology and US imaging have led to a 
renewed interest in this area. We have been evaluating a new 
US "3D" transducer (Kretztechnik, Austria) which achieves 
multiplanar imaging following acquisition of a volume of 
tissue. Firstly an area of interest is localized using the trans- 
ducer in a single standard US uniplanar mode. The transducer 
is then switched into “3D” mode and it sweeps through a 
volume of tissue or organ of interest. In a few seconds the 
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acquired data from this volume of interest is displayed as three 
orthogonal planar images on the US video monitor. The 
volume of interest may then be inspected in real time as 
multiple sequential parallel images in any of these imaging 
planes—sagittal, coronal or axial. Our experience with this 
multthertz “3D” sector scanning probe will be reviewed. Initial 
clinical research with the system has concentrated on its poten- 
tial role in neurosonography of premature and term infants in a 
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special care nursery. The system achieves production of axial 
brain images at the cotside from an anterior fontanelle 
approach. We will discuss the value of this additional axial 
projection in the management and diagnosis of prevalent 
conditions such as intracranial haemorrhage and rarer struc- 
tural anomalies. The limitations of the present system will be 
discussed. — 


Transvaginal ultrasound-guided collection of oocytes in cows, by M. A. M. Taverne, M. C. Pieterse, P. L. A. M. Vos and Th. A. 


M. Kruip 


Ultrasound monitoring of superovulation in cattle, by L. Robertson, J. C. Cattoni and I. A. Jeffcoate 

Ultrasonographic features of the healthy and diseased bovine thorax, by P. A. Graham and D. Murphy 

Ultrasound imaging of the reproductive tract of the female bottlenose dolphin, Tursiops aduncas, by F. Brook 

Ultrasonography in the equine perinatal intensive care unit, by C. M. Marr 

Echocontrast agents—their potential use in domestic animals, by J. S. Boyd 

Congenital cardiac disease in calves by J. Dukes, C. Marr, C. Patterson and J. Boyd 

Ultrasound and histological appearances of the liver in experimentally induced septicaemia in pigs by R. Morgan, C. Finlayson, J. 
Alexander, K. Edmunds, D. K. Nassiri, A. R. Webb, D. Tighe, R. F. Moss, E. D. Bennett and A. E. A. Joseph 


Transvaginal ultrasound-guided collection of oocytes in 
COWS 

M. A. M. Taverne, M. C. Pieterse, P. L. A. M. Vos and Th. 
A. M. Kruip 

Department of Herd Health and Reproduction, Veterinary 
Faculty, University of Utrecht, Yalelaan 7, 3584 CL Utrecht, 
The Netherlands 


A human endovaginal sector transducer (7.5 MHz; scanner 
SDR 1150, Philips), adapted to the length of the cow's vagina, 
was provided with a single needle-guide for ovum pick-up 
(OPU). Detomidine hydrochloride (1.v.) was used to sedate the 
standing cow and to relax the rectal wall which facilitated the 
manipulation per rectum of the ovaries. Ovaries were placed 
against the vaginal wall to the left or to the right of the cervix. 
A second operator performed the actual transvaginal puncture 
as soon as a follicle ( 2 3 mm) had been positioned on the 
puncture line on the monitor of the scanner. Follicular contents 
were aspirated by a suction pump. In experiment A, immature 
oocytes were collected repeatedly from natural cycling cows 
(n = 10) three times (on days 3 or 4, days 9 or 10 and days 15 
or 16) during successive oestrous cycles (n = 23) In experi- 
ment B (IO cows) OPU took place on day 3 or 4 from 
unstimulated follicles and on day 12 or 13 from stimulated 
follicles (3000 IU PMSG, given on day 9 or 10). Oestrous cycles 
(n = 34) with normal single ovulations were achieved in 
experiment B by injection of anti-PMSG and PGF2a and 
insertion of norgestomet ear-implants (for a period of 9 days) 
on day 12 or 13, immediately after puncturing. Recovery rate 
and the size of the punctured follicle were negatively correlated. 
These data demonstrate that with the OPU-technique the 
potential source of oocytes from non-preovulatory follicles in 
cows can be utilized, either for research purposes or embryo 
production in vitro. The developmental potency of these 
oocytes has been explored in a separate, preliminary study: 104 
oocytes (from 206 follicle punctures) were matured and ferti- 
lized in vitro and they were subsequently transferred to the 
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oviducts of sheep. Six days later, 76 oocytes/embryos were 
recovered; single cells: 32; two-cell stages: 8; 2-32 cells: 18; 
morulas: 16; blastocysts: 2. This transvaginal puncturing tech- 
nique can also be used for diagnostic and therapeutic purposes 
in cases of ovarian disorders. 





Experiment A Experiment B 


34 9/0 15/16 3/4 


Mean number (+ SEM) 
of 5.1 3.7 4.3 4.3 7, Í 


Punctured follicles (0.7) (0.3) (0.4) (0.3) (1.4) 
Oocyte recovery rate 
(9/0) 58 58 57 61 42 





Ultrasound monitoring of superovulation in cattle 

L. Robertson, J. C. Cattoni and I. A. Jeffcoate 

Department of Surgery and Reproduction, and Department of 
Veterinary Physiology, Glasgow University Veterinary School, 
Bearsden, Glasgow G61 1QH 


Embryo transfer in cattle is a standard management technique. 
Cost-effective embryo recovery is dependent upon successful 
superovulation to increase the embryo yield. Numerous studies 
have identified problems with repeatability and predictability 
of response to superovulation which are not attributable to any 
single cause. Given these problems, an effective method of 
monitoring follicular growth, ovulation and formation of 
corpora lutea would be a useful adjunct to the embryo transfer 
procedure. This study evaluated ultrasound for monitoring 
follicular growth, ovulation, and formation of corpora lutea in 
superovulated cows and correlated findings with embryo 
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recovery and post-mortem examination of the ovaries. Cows 
were studied through a control and superovulated cycle; super- 
ovulation was achieved using pregnant mare's serum gonado- 
trophin (PMSG; 3000 or 1500 ru.) Ovarian response was 
monitored using a real-time B-mode scanner equipped with a 
linear 7.5 MHz rectal transducer. In the control cycle, which 
was simular in all cows, luteolysis was followed by growth of a 
single follicle to 1.4+0.2 cm, Ovulation was identified by 
collapse of the follicle and appearance of a corpus haemorrha- 
gicum and was confirmed by detection of a luteinizing hormone 
surge and increased plasma progesterone concentration. By day 
5 the mature corpus luteum was visible. At the time of PMSG 
injection the majority of follicles were « 6 mm. Two days 
later, 6-10 follicles > 8 mm were observed on most ovaries. 
Ovulation was identified as either disappearance of large 
follicles or obvious reduction in the size of the ovary (e.g. from 
3.6 by 3.4 cm to 2.3 by 3.4 em). It was possible to identify but 
not to quantify corpora haemorrhagica. It was considered 
possible to quantify corpora lutea on day 6. However, this 
estimate of corpora lutea number correlated poorly with the 
number counted at post mortem. In addition, numerous ano- 
vulatory follicles were observed. Ultrasound examination of 
ovaries m a waterbath showed that anovulatory follicles varied 
in appearance from follicular structures to luteal structures 
depending upon the degree of luteinization of the follicular 
walls. In conclusion, ultrasound is useful for monitoring folli- 
cular growth but not accurate for quantifying ovulation and 
thus predicting embryo recovery. 


Ultrasonographic features of the healthy and diseased 
bovine thorax 

P. A. Graham and D. Murphy 

Department of Veterinary Medicine, University of Glasgow, 
Bearsden, Glasgow G61 IQH 


Due to economic constraints in farm animal practice, ultra- 
sonography of the bovine patient has been largely limited to 
reproductive tract examination. However, there is potential 
value of this technique as an adjunct to existing diagnostic 
methods in bovine thoracic disease. Equipment should be 
portable and robust; 3.0 MHz mechanical sector scanheads are 
ideal but linear array 3.0 MHz scanheads are an acceptable 
alternative, although they only scan effectively in a plane 
parallel to the ribs. The bovine thorax is smaller than external 
appearances would imply. The caudal pleural reflection extends 
in a curved manner from the proximal part of the 13th rib to 
the eighth costochondral junction. The caudal borders of the 
caudal lung lobes he crantodorsal to and parallel to this 
reflection, extending from the proximal part of the 12th rib to 
the sixth costochondral junction. Ventromedially, the dia- 
phragm extends to the level of the sixth rib and contacts the 
pericardium. The cardiac notch permits the visualization of the 
heart and pericardium lies ventrally between the third and sixth 
nibs and is smaller on the right side. To examine structures 
cranial to the sixth intercostal space, the forelimb must be 
drawn forward. In health, only the visceral and parietal pleura, 
myocardium, cardiac chambers, diaphragm, liver and rumen 
can be consistently identified. In disease states, it is possible to 
visualize consolidation of peripheral lung lobes due to infec- 
üon, inflammation, neoplastic infiltrates or compression and 
also inflammatory or effusive disease of the pleura and peri- 
cardium. Solid masses of the body wall, cranial mediastinum or 
peripheral lung, e.g. neoplasms and abscesses, can be character- 
ized or located accurately to allow percutaneous biopsy or 
aspiration. Vegetative endocarditis of the tricuspid valve is 
commonly identified and is often associated with right heart 
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failure and pleural effusion. Radiography remains the modality 
of choice for imaging caudodorsal mediastinal masses, deep 
pulmonary disease and pneumothorax. 


Ultrasound imaging of the reproductive tract of the 
female bottlenose dolphin, Tursiops aduncas 

*F. Brook, t D. Chow, tP. Shroeder, tT. Ng, tS. W. Hui, 
tD. Tam, tP. Ng, tC. Chan and ty. T. Lam 

* Department of Diagnostic Imaging, Hong Kong Polytechnic, 
and tOcean Park, Hong Kong 


On-going research and development at Ocean Park, Hong 
Kong, is aimed towards improved clinical management. of 
captive propagation of cetacean species. This research includes 
investigation of the use of diagnostic ultrasound and the role it 
can play in evaluation and monitoring of the reproductive 
status and performance of the bottlenose dolphin, Tursiops 
aduncus. It has long been recognized that the development of 
non-invasive techniques, suitable for routine application in 
marine mammal management, is highly desirable and we are 
now confident that ultrasound can fulfil that need. Four 
females of different ages and obstetric histories were scanned at 
regular intervals to assess uterine and ovarian morphology and 
follicular activity. Serum progesterone and oestradiol levels 
were monitored simultaneously to compare the ultrasound 
appearance with physiological function. The development of 
examination and training techniques used are explained and 
the anatomy and ultrasound appearance of the uterus, ovaries 
and urinary bladder presented. 


Ultrasonography in the equine perinatal intensive care 
unit 

C. M. Marr 

Department of Clinical Veterinary Medicine, Madingley Road. 
Cambridge CB3 GES 


Ultrasonography is invaluable in the management of the 
equine perinatal patient. Current methods of the diagnosis of 
fetal distress in late gestation are still based primarily on two- 
dimensional and M-mode ultrasonographic imaging and 
include the assessment of fetal heart rate and rhythm; aortic 
root diameter; fetal mobility; and examination of the placenta 
and amniotic and allantoic fluids. In the neonate, ultrasono- 
graphy is applied to the investigation of gastrointestinal, uroge- 
nital, cardiac and musculoskeletal systems. The absence of a 
fully functioning large colon facilitates the examination of 
parts of the gastrointestinal tract which are inaccessible in the 
adult horse, namely the stomach, small intestine and small 
colon. In the neonate presenting with signs of abdominal crisis, 
ultrasonography may compliment radiography and demon- 
strate small intestinal intussusception, ileus and segmental 
hypomotility and necrotizing enterocolitis, while also facili- 
tating abdominocentesis. Ultrasonography is the technique of 
choice for the demonstration of the umbilical arteries and vein, 
and the urachus. Rupture of the bladder can be determined and 
periodic assessment of bladder size 1s useful in the management 
of micturition problems associated with prolonged recum- 
bency. Echocardiography is mandatory for the diagnosis of 
congenital cardiac defects and may also confirm bacterial endo- 
carditis in the foal. Echocardiographic examination of foals 
with neonatal septicaemia demonstrates pericardial effusion, 
pump failure, hypovolaemia and ts an adjunctive guide to the 
necessity of pressor agents. In myositis and cellulitis, ultrasono- 
graphy is useful for the demonstration of the precise soft tissue 
structures involved, for identification of fluid pockets requiring 
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surgical drainage, and for documenting the response to treat- 
ment. In summary, ultrasonography has a wide range of uses in 
diseases commonly encountered in the equine perinatal inten- 
sive care unit. The indications for, ultrasonographic features 
of, these applications will be discussed and recent advances in 
equine perinatal ultrasonology will be reviewed. The author is 
grateful for the support of a Fulbright Scholarship and a Miss 
Aleen Cust Research Fellowship while studying in The George 
Widener Hospital, New Bolton Centre, University of 
Pennsylvania. 


Echocontrast agents—their potential use in domestic 
animals 

J. S. Boyd 

Department of Veterinary Anatomy, University of Glasgow 
Veterinary School, Bearsden Road, Glasgow 


Real-time B-mode echocardiography is of increasing interest in 
veterinary diagnosis with the wider availability of ultrasound 
Scanners in veterinary practices. However, many cardiac 
investigations are limited to anatomical definition of structure 
and measurements of dimensions including M-mode. Doppler 
analysis of blood flow is becoming more readily available but 
colour flow mapping is relatively rare in its use in the veterinary 
field. To expand on the information gained from echocardio- 
graphy, echocontrast agents have been used to further increase 
anatomical definition and to detect anomalies in cardiac 
morphology. The simpler materials used are agitated saline 
solution or gelatin-based plasma expanders but recent years 
have seen the introduction of specifically manufactured echo- 
contrast products using sonicated microbubble suspensions of 
albumin and microspheres of albumin or stabilized saccharides. 
Such materials can enhance definition, improve Doppler 
signals and even enhance colour flow mapping. In the human 
field these agents are proving of advantage in dealing with 
patients where imaging and signal quality is a problem, e.g. due 
to obesity. This raises the possibility of investigating their 
administration in domestic animals where imaging may be 
problematic due to size and difficulty in obtaining convenient 
scanning planes. The potential application in domestic species 
will be discussed and illustration of the use of echocontrast 
agents in echocardiography, Doppler flow analysis and colour 
flow mapping will be given. 


Congenital cardiac disease in calves 

*J. Dukes, tC. Marr, C. Patterson and J. Boyd 

* Depariments of Veterinary Medicine and Veterinary 
Anatomy, University of Glasgow Veterinary School, Bearsden, 
Glasgow G61 IQH. *Present address: Department of Clinical 
Veterinary Medicine, Madingley Road, Cambridge CB3 OES 
Congenital cardiac anomalies are more common in the bovine 
than in many other species. They are associated with a failure 
to thrive or the development of heart failure in some instances 
but in many cases are incidental to normal health, growth and 
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productivity. A variety of defects are reported, the most 
common being the ventricular septal defect. A number of 
complex and bizarre defects have also been recognized. 
Although not usually economically viable to investigate con- 
genital cardiac disease in this species, a regular throughput of 
such cases for use in undergraduate teaching is available at the 
University of Glasgow Veterinary School. The two-dimen- 
sional echocardiographic features of some of these defects with 
their confirmation by spectral and colour flow Doppler echo- 
cardiography and contrast echocardiography will be 
illustrated. 


Ultrasound and histological appearances of the liver in 
experimentally induced septicaemia in pigs 

R. Morgan, C. Finlayson, J. Alexander, K. Edmunds, D. K. 
Nassiri, A. R. Webb, D. Tighe, R. F. Moss, E. D. Bennett 
and A. E. A. Joseph 

Departments of Diagnostic Radiology, Pathology and 
Medicine, St George's Hospital, Blackshaw Road, London 
SWI7 0OT 

Septicaemic shock is commonly seen in intensive care units. 
Increased capillary permeability with loss of plasma and cellu- 
lar elements from the circulation is a major factor in the 
cardiovascular dysfunction in these patients. Sinusoidal occlu- 
sion with cell debris and white cells with swelling and disrup- 
tion of the sinusoidal epithelium has also been described on 
electron microscopy. We have observed an increased echogeni- 
city of the liver in patients with septicaemic shock. Studies were 
designed to investigate the mechansism and prevention of 
shock in severe septicaemia using a pig model. Ultrasound 
scans were done on these animals to investigate the mechanism 
for the increased echogenecity of the liver in septicaemia. 
Septicaemic shock was induced by producing faecal peritonitis 
in anaesthetized animals. Scans were done pre- and post- 
infection and matched with histology on liver biopsies obtained 
at the same times. Results from eight pigs were analysed. Liver 
echogenicity progressively increased with increasing liver size 
and the development ascites. Liver biopsies showed progressive 
expansion of the interlobular septa due to oedema together 
with distension of the sinusoids. Immunoperoxidase stain for 
leucocyte common antigen did not show significant focal aggre- 
gation of inflammatory cells within the liver parenchyma apart 
from one animal which developed ^ microabscesses. 
Measurements of the interlobular septa showed an average 
increase of 132% in the biopsies post-infection compared to the 
pre-infection values. These studies show that the increased 
echogenicity of the liver in the experimental animals is related 
to the marked septal oedema and the venous congestion rather 
than to the increased cellularity. A similar explanation may 
hold for the patients in severe septicaemic shock. This is the 
first report on a study that has been carried out relating rapid 
changes in liver texture on ultrasound with histological changes 
and morphometric measurement on histological specimens and 
could well prove a useful model in tissue characterization 
studies. 
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Left, atrial spontaneous echo contrast and mitral valve disease—-occurrence and associated factors assessed by transoesophageal 
echo, by L. K. Michalis, M. R. Thomas, H. J. F. Why, D. W. Smyth, M. J. Monoghan and D. E. Jewitt 
The value of Doppler echocardiographic assessment of diastolic function in hypertension, by H. J. F. Why, M. J. Monaghan, T. 


Siddique and P. J. Richardson 


Upper limb thrombosis: colour Doppler ultrasound versus venography, by G. Baxter, W. Kincaid, R. Jeffrey, G. Millar, C. 


Porteous and P. Morley 


Duplex ultrasound assessment of long saphenous vein patency and competence following high ligation for varicosities, by G. 
Carolan, L. Fliglestone, N. D. Pugh, A. Shandall, A. Thomas and I. F. Lane 
The non-invasive assessment of retrobulbar eye flow: a place for colour Doppler ultrasound, by G. M. Baxter, T. H. Williamson, 


G. McKillop and G. N. Dutton 


A role for duplex ultrasound in patient selection for superficial femoral artery angioplasty, by D. M. A. Foy, J. Quinn, J. Hancock 


and S. D. Parvin 


Venous occlusion and duplex scanning in predicting vein graft size for femoro-distal construction, by A. H. Davies, T. R. Magee, 


J. K. Hayward, D. R. Jones, R. N. Baird and M. Horrocks 


Pre-operative Doppler measurement of vein graft capacity and resistance as predictor's of early outcome, by A. H. Davies, T. R. 


Magee, D. Jones, R. N., Baird and M. Horrocks 


The role of bilateral transcranial Doppler and pre-operative carotid compression in patients undergoing carotid endarterectomy, 
by T. R. Magee, A. H. Davies, J. K. Hayward, R. N. Baird and M. Horrocks 


Arterial and venous ghosts, by K. N. Humphries 


Left atrial spontaneous echo contrast and mitral valve 
disease—-occurrence and associated factors assessed by 
transoesophageal echo 

L. K. Michalis, M. R. Thomas, H. J. F. Why, D. W. Smyth, 
M. J. Monaghan and D. E. Jewitt 

Department of Cardiology, King's College Hospital, Denmark 
Hill, London SE5 9RS 


Spontaneous echo contrast (SC) is a phenomenon commonly 
visualized using transoesophageal echocardiography (TOE) in 
the left atrium (LA) of patients with mitral valve disease 
(MVD) or prosthetic mitral valves (MVR). The clinical signifi- 
cance of, and factors contributing to, the presence of SC are 
unknown although it has been previously postulated that red 
blood cell aggregation is a cause. The presence of SC, and 
possible associated features, was therefore studied in 97 
patients with MVD and MVR by TOE. Thirty-one patients 
(Group A) had evidence of left atrial spontaneous contrast 
(SC) while 66 (Group B) were free of SC. The association of SC 
with left atrial thrombus (T), left atrial size (LAS), atrial 
fibrillation (AF), mitral regurgitation (MR), mitral stenosis 
(MS), MVE and warfarin (W) status was studied. The results 
are given in the table. SC was therefore present in 32% of this 
group of patients with MVD and MVR. Significant features 
associated with SC in this study were: AF, the presence of T, 
and enlarged LA. AF was invariably associated with SC, only 
2/3» patents with SC being in sinus rhythm. Significant MR 
appeared to protect against the development of SC in this 
study, presumably by mereasing systolic flow turbulence within 
the LA. Warfarin had no influence on the presence of SC. 


Significant dominant MS or MVD did not appear to be asso- 
ciated with increased SC. The phenomenon is therefore asso- 
ciated with factors that would predispose to increased left atrial 
haemostasis. This would support the mechanism for SC being 
the formation of red blood cell aggregate collections large 
enough to become specular reflectors. 


The value of Doppler echocardiographic assessment of 
diastolic function in hypertension 

H. J. F. Why, M. J. Monoghan, T. Siddique and P. J. 
Richardson 

Cardiac Department, King’s College Hospital, Denmark Hill, 
London SES 9RS 


Left ventricular (LV) hypertrophy is a frequent echocardio- 
graphic finding in hypertensive patients and may be a cause of 
reduced LV compliance. The peak 'E' and peak 'A' velocities 
and E/A ratio of transmitral LV filling on Doppler echocardio- 
graphy have been described as indicators of LV diastolic 
function and compliance in hypertensives, with reversal of the 
normal filling patterns being a frequent finding. A number of 
other factors, however, may influence this parameter; these 
include age, heart rate and blood pressure itself. To examine 
the value of these Doppler parameters in the assessment of 
diastolic function, 180 serial Doppler echocardiograms were 
performed on 54 hypertensive patients prior to initiating 
therapy and at intervals over a six month period. During the 
follow up period, significant reductions in blood pressure were 








T LAS AF Moderate/severe Moderate/severe MVR W 
(cm?) MR MS 
Group A 16/3] 55 29/31 3/31 11/31 11/31 23/31 
Group B 7/66 5.0 25/66 22/66 17/66 22/66 40/66 
p « 0.01 « 0.05 < 0.001 « 0.02 NS NS NS 





Statistical test = y^ and t-test (mean LAS). Ns = not significant. 
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obtained in all but seven patients. The 'E' and ‘A’ velocities 
and E/A ratio were compared to age, heart rate (HR), systolic 
(SBP) and diastolic (DBP) blood pressures, LV dimensions and 
LV fractional circumferential shortening (FS) using multiple 
regression analysis. Significance values for the independent 
contributions of these variables to the parameters of diastolic 
function were thus obtained. The results are given in the table. 
Thus age, heart rate and blood pressure all alter the parameters 
of diastolic filling significantly whilst neither LV diameters nor 
FS have any significant effect. LV posterior and septal wall 
thickness have only a weak effect. In conclusion these para- 
meters of diastolic function may be altered in hypertension but 
they are only poorly related to the degree of LV hypertrophy. 
Therefore, caution should be exercised in their interpretation in 
the individual patient and corrections for age, heart rate and 
blood pressure are required. 


Peak E Peak A E/A ratio 
Age p « 0.001 p « 0.001 p< 0.001 
HR p «0.05 NS p«001 
LVESD NS NS NS 
LVEDD NS NS NS 
PW p< 0.05 NS NS 
IVS NS NS p « 0.08 
SBP p « 9.001 p « 9.001 NS 
DBP p < 0.001 NS p < 0.005 
FS NS NS NS 


EINE AAE LE H——— N AL 7028 8 NON ia 
LVESD = LV end-systolic diameter; LVEDD = LV end- 
diastolic diameter; PW = LV posterior wall thickness; IVS = 
LV intraventricular septal thickness; Ns = not significant. 


Upper limb thrombosis: colour Doppler ultrasound 
versus venography 

G. Baxter, W. Kincaid, R. Jeffrey, G. Millar, C. Porteous 
and P. Morley 

Department of Radiology, Western Infirmary, Glasgow 
Gll SNT 


Colour Doppler ultrasound is a new technique that has recently 
been shown to be a suitable alternative to venography in the 
diagnosis of lower limb venus thrombosis. In view of this, and 
in order to see if this technique is applicable to the diagnosis of 
central vein thrombosis, we performed a double-blind prospec- 
tive trial on 19 renal dialysis patients (30 limbs), all of whom 
had had multiple central venous cannulations. Both colour 
Doppler and venography were done in all cases, these investi- 
gations being within 2h of each other and performed by 
different radiologists. Colour Doppler ultrasound was as 
accurate as venography, with complete correlation between 
both techniques in the diagnosis of venous occlusion. A posi- 
tive ultrasonic diagnosis was based on the absence or marked 
reduction in spontaneous colour flow. A case of subclavian 
vein stenosis was missed using colour Doppler as it lay directly 
beneath the clavicle and was thus an ultrasonic blind spot. 
Apart from the obvious advantage of safety and financial 
saving, colour Doppler gave more information on the local 
extent of thrombus within the internal jugular and innominate 
veins, this information often being absent on venography. In 
addition, it is a quicker technique than Doppler ultrasound 
alone and has the advantage of visualizing collateral vessels, 
adding confidence to the diagnosis. 
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Duplex ultrasound assessment of long saphenous vein 
patency and competence following high ligation for 
varicosities 

G. Carolan, *L. Fliglestone, N. D. Pugh, *A. Shandall. *A. 
Thomas and *L F. Lane 

Departments of Medical Physics and *Vascular Surgery, 
University Hospital of Wales, Cardiff 

Stripping of the long saphenous vein (LSV) for management of 
varicose veins provides excellent cosmetic and symptomatic 
results. In an ageing population however, demand for revascu- 
larization is increasing and prosthetic bypass gives poorer 
patency rates than autologous vein graft, so preservation of the 
LSV is desirable for future use in coronary or peripheral artery 
bypass. The technique of high saphenous ligation would be 
advantageous if it offered satisfactory results with the addi- 
tional benefit of preserving the vein. We studied 75 limbs in 44 
patients following high saphenous ligation with multiple stab 
avulsions in order to determine the extent to which the ligated 
veins were adequately preserved for use as arterial prosthesis. A 
Diasonics Spectra or Toshiba 270 colour flow system was used 
to scan the LSV from groin to ankle. Duplex assessment was 
made of patency, competence, length and diameter of the LSV 
and also of perforator competence, 12 months post-operatively. 
Subjective and objective assessment of cosmetic and sympto- 
matic results of surgery was made and recorded using a linear 
analogue score. Results showed a good subjective and objective 
outcome in 95% and 97%, respectively. There was a high 
patency rate of the LSV following its connection from the 
femoral vein at the groin, with 68% patent from ankle to groin, 
72% patient above the knee and 82% patent below the knee. 
The internal diameter and vessel characteristics were suitable 
for use as a vascular conduit in all but six (8%) of the patent 
veins. The LSV below knee is the graft of choice for coronary 
bypass grafting, and in this series 75% of patients having 
undergone high saphenous ligation and multiple avulsions have 
a suitable venous segment below the knee. There was no 
association between the presence of reflux in the LSV and relief 
of symptoms or subjective or objective cosmetic result. 


The non-invasive assessment of retrobular eye flow: a 
place for colour Doppler ultrasound 

G. M. Baxter, T. H. Williamson, G. McKillop and G. N, 
Dutton 

Department of Radiology, Western Infirmary, Glasgow 
GII SNT 


Colour Doppler ultrasound is a non-invasive method of blood 
flow analysis and, as its use has increased, it has become 
apparent that it may have many applications. One of its 
potential applications is in the analysis of retrobulbar eye flow. 
In view of this, we performed a prospective trial to assess if 
colour Doppler ultrasound could reliably and reproducibly 
measure retro-orbital blood velocity parameters in 20 normal 
healthy volunteers. Exclusion criteria included a positive 
cardiovascular or neurological history, eye disease or current 
drug therapy. All Doppler velocity waveforms were assessed in 
three positions, viz. supine, sitting and erect. Three regional 
vessels arbitarily named vessels 1, 2 and 3 were identified within 
the eye and Doppler recordings taken from all in each of the 
above positions. Results showed significant regional variations 
of blood velocity (p « 0.001) within the eye and these were 
independent of whichever of the four Doppler spectral para- 
meters analyzed (maximum and minimum velocity, pulsatility 
index and resistive index). In addition, no significant change in 
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these regional measurements was recorded despite a change in 
posture resulting in a smal! but significant increase in diastolic 
blood pressure and pulse rate (p « 0.05). In conclusion we feel 
these results show that Doppler ultrasound of the eye is à 
reliable non-invasive method of assessing retro-orbital blood 
flow and can detect significant regional flow variations which 
may be a useful tool in the detection and management of 
certain eye diseases. 


A role for duplex ultrasound in patient selection for 
superficial femoral artery angioplasty 

*D. M. A. Foy, J. Quinn, J, Hancock and S. D. Parvin 

* Depariment of Medical Physics, Poole General Hospital, 
Longfleet Road, Poole, Dorset, and Department of Surgery, 
Royal Bournemouth Hospital 


in an attempt to improve case selection for angioplasty, duplex 
ultrasound was used to identify occlusions at the origin of the 
superficial femoral artery. 82 consecutive angiograms of 160 
lower limbs performed at the Royal Bournemouth Hospital 
were recently reviewed. 70 of these limbs had occlusion of the 
superficial femoral artery (SFA) of which 37 occlusions 
occurred at the origin. All of these SFA origin occlusions were 
more than 10 cm in length and were therefore unlikely to be 
suitable for angioplasty. Following the initial review, a study 
was undertaken using a new group of patients in which the 
accuracy of colour duplex imAhe identification of SFA origin 
occlusions was assessed. $4 limbs have now been examined. 
With each limb, the common femoral artery and the origins of 
the SFA and profunda femoris artery were identified. Where 
possible, Doppler signals were recorded from these sites. The 
SFA was traced more distally for a minimum of 10 cm to assess 
patency. The duplex assessment of the SFA origin and the 
length of any associated occlusion were then compared with 
angiography. Duplex ultrasound was found to be a quick, 
accurate and reliabie method for determining patency of the 
SFA origin. Thus in cases where surgery was not being contem- 
plated it was possible to advise the surgeon and radiologist of 
the feasibility of SFA angioplasty. Those with long SFA origin 
occlusions could then be saved the expense and trauma of an 
initial angiogram. A prospective study is now under way in the 
hope of establishing this technique as the first choice m the 
selection of patients with clinically suspected SFA occlusions 
who are not being considered for surgery but who might be 
suitable for angioplasty. 


Venous occlusion and duplex scanning in predicting vein 
graft size for femoro-distal reconstruction 

A. H. Davies, T. R. Magee, J. K. Hayward, D. R. Jones, 

R. N. Baird and M. Horrocks 

Vascular Studies, Bristol Royal Infirmary, Bristol 


The diameter of the long saphenous vein has been shown to 
affect the outcome of femoro-distal bypass. Many surgeons 
regard a vein with a diameter of less than 3 mm as being 
unsuitable despite previous work that suggests that the size of 
the vein measured pre-operativley may underestimate the size 
of the subsequent functioning vein graft. Pre-operative duplex 
assessment has been used to locate and measure vein diameter 
but to date no attempt has been made to predict pre-operati- 
vely the eventual functional size of the graft. 40 patients 
undergoing femoro-distal bypass have had their long saphe- 
nous vein studied. Pre-operatively the diameter of the vein was 
measured with an ATL duplex scanner at the groin, mid-thigh 
and knee. At the latter two points, diameter measurements 
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were performed with proximal venous occlusion at minute time 
intervals. Diameter measurements were subsequently repeated 
7 days and 2 months after surgery. The pre-operative mean 
groin diameter was 4.8 mm (3.2-6.4). Diameter measurements 
at the other points are given in the table. All six veins with a 
resting diameter of less than 3 mm dilated with venous occlu- 
sion to a diameter greater than 3 mm. These results suggest 
that by using a technique of venous occlusion at the time of 
pre-operative vein mapping the ultimate diameter of the vein 
can be predicted and vein utilization may be significantly 
increased. 





Non-dilated Dilated 7 days 2 months 
(mm) (mm) (mm) (mm) 
Mid-thigh — 4.1 5.1 3.2 5.4* 
(2.5-5.7)) | (3.1- 7.1)  (3.7-6.7) (3.77.1) 
Knee 3.9 4.8 4.8 4.99** 
(2.2-5.6) (3.4-6.2)  (3.1-6.5)  (3.0-6.8) 





(Using analysis of variance: *p « 0.01 and **p « 0.025. () 
95% confidence interval.) 


Pre-operative Doppler measurement of vein graft 
capacity and resistance as predictors of early outcome 
A. H. Davies, T. R. Magee, D. Jones, R. N. Baird and M. 
Horrocks 

Department of Vascular Studies, Bristol Royal Infirmary, 
Bristol 


In the presence of an adequate inflow the quality of the bypass 
conduit and distal vessels are the two factors important in 
affecung the early (within 30 days) outcome of bypass surgery 
for critical ischaemia. Using a combination of a Doppler 
flowmeter (OPDOP 130 (Scimed UK)) and intra-arterial 
pressure, the distal resistance has been obtained in 53 femoro- 
distal reconstructions. The capacity of the vein graft was 
calculated using flow measurements performed prior to the 
insertion of the distal anastomosis (Q1), after completion of the 
distal anastomosis (Q2) and then after the administration of 
papaverine hydrochloride 30 mg (Q3). The capacity loss ratio 
after papaverine (CLR,) was thus calculated, CLR, = 
(QI-Q3)Q1. Of the 10 early failures in 53 femoro-distal 
bypasses, four were attributable to a conduit problem and six 
were associated with poor run-off. In the former group this was 
associated with a significantly lower CLR, and in the latter 
group the distal resistance was significantly higher. The run-off 
failure is shown in the table. A high resistance is suggestive of 
possible failure secondary to poor run-off, A minimal or no 
loss in the CLR, suggests that the graft is running at its 
maximum capacity and may be inadequate to sustain the 
reconstruction, and may indicate a poor conduit. Using these 
measurements it it possible to pre-operatively identify the 
infrainguinal vein bypass graft at risk of early occlusion and 
the likely cause of such failure. 








Success Failure 
Resistance 0.72 I:51* 

(0.59-0.85) (1.33-1.69) 
Conduit failure CLR, 40 6** 

(34-46) (2-10) 





(Means, with 95% confidence intervals. *p < 0.001 and **p = 
0.002; Mann-Whitney U-test.) 
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The role of bilateral transcranial Doppler and pre- 
operative carotid compression in patients undergoing 
carotid endarterectomy 

T. R. Magee, A. H. Davies, J. K. Hayward, R. N. Baird and 
M. Horrocks 

Vascular Studies Unit, Bristol Royal Infirmary, Bristol 

BS? 8HW 


Selective shunting of patients with inadequate cerebral per- 
fusion following carotid clamping remains the ideal. Currently 
transcranial Doppler appears to be the best simple intraopera- 
tive technique for monitoring cerebral perfusion. Bilateral 
transcranial Doppler has not been used intraoperatively before. 
Therefore, little information exists on the behaviour of the 
circle of Willis at the time of carotid clamping. 36 patients with 
symptomatic internal carotid artery stenosis of 70% were 
examined. Pre-operative common carotid artery compression 
was performed while a bilateral transcranial Doppler system 
was used to measure middle cerebral artery velocity (MCAV). 
Flat 2 MHz transducers were used with headband attachment. 
During carotid endarterectomy all patients were monitored 
using the same system. On the ipsilateral side the mean changes 
in MCAV during pre-operative compression was 19.5 cm/s 
(9.5-29.5) and during operative clamping was 14.9 cm/s 
(5.6-24.2). There was good correlation between the changes in 
MCAV during compression and clamping (r = 0.852). The 
contralateral side acted as a control and surprising changes 
were seen on occasions following carotid clamping. These 
included a rise in MCAV on the contralateral side and on two 
occasions a rise on the clamped side. Common carotid artery 
compression reproduces the effects of internal carotid artery 
clamping, and may prove to be a simple method of identifying 
patients who would benefit from a shunt during carotid endar- 
terectomy. The use of a bilateral transcranial system has been 
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without problems of "crosstalk" or signal loss due to move- 
ment of the transducers. Further work is being carried out in 
this department to quantify changes in Doppler waveforms 
from both middle cerebral arteries during carotid surgey. 


Arterial and venous ghosts 

K. N. Humphries 

Royal Postgraduate Medical School, Hammersmith Hospital, 
Du Cane Road, London W12 ONN 


A recent addition to carotid Doppler ultrasound artefacts has 
been the appearance of a carotid artery "ghost". First recorded 
in 1990 during investigations of the carotid artery using colour 
Doppler, a duplicate of "ghost" carotid was consistently 
obtained parallel to and deeper than the true artery. The 
presence of strong reflective boundary and the vicinity of the 
artery was hypothesized to be necessary to produce a mirror 
image. In order to investigate this phenomenon, three normal 
volunteers were tested using an Acuson 128 colour Doppler 
system. The L and R subclavian arteries were visualized at the 
palpation sites at the clavicle. The colour Doppler mirror! 
virtual image was obtained for each vessel and the Doppler 
waveform signatures were examined in detail at a number of 
sites within both the true and mirror vessel images. Similarly 
the long saphenous vein was imaged antero-medially in a 
region approximately 3-8 cm from the medial malleolus. 
Venous signal augmentation was carried out by proximal and 
distal compression manoeuvres. These examples confirm the 
necessary conditions for arterial and venous “ghosting” of a 
strong reflecting surface within the vicinity of the vessel being 
examined and generally at a greater depth. No carotid artery 
“ghosting” has been noted during the investigations of several 
hundred patients undergoing extracranial vascular assessment. 
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Parental support following termination of pregnancy for 
congenital heart disease 


S. Lockhart, L. D. Allan, A. Groves and A. Hereward 


Department of Fetal Cardiology, 15th Floor, Guy's Tower, St 
Thomas Street, London SEI 9RT 


Over a 15 month period, 51 women/couples attended coun- 
selling following termination of pregnancy for fetal congenital 
heart disease. Our aim was to assess the factors which 
influenced their recovery. In order to achieve this, parents were 
encouraged to discuss the diagnosis, management and care 
received surrounding the event. They were seen between 2 and 
4 months after the event, with a mean of 12 weeks at this stage. 
Feelings of guilt were common, but only one woman regretted 
her decision to terminate the pregnancy. Recovery was posi- 
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tively influenced by a supportive partner, family and friends, 
the facility to talk and work through the grieving experience. 
However, the practical care by health professionals had an 
important bearing on the patient's recovery. Those who were 
carefully prepared prior to being referred to us were usually 
accompanied and better able to understand and cope with the 
information given about the pregnancy. There was an indivi- 
dual variation between patients of 1-7 days as to how long they 
needed before a decision could be made concerning termina- 
tion, The sensitivity and quality of care during the termination 
itself was variable and profoundly influenced the patient's 
speed of recovery. Follow-up care was often neglected both by 
hospital staff and local practitioners but was very helpful when 
offered. In summary, honest and accurate information and 
sensitive care allows patients to make a full recovery from this 
traumatic experience, 


Routine radiographer screening for fetal abnormalities 
by ultrasound in an unselected low risk population 


L M. Shirley, F. Bottomley and V. P. Robinson 
The Hillingdon Hospital, Pield Heath Road, Uxbridge, 
Middlesex UBE 3NN 


About 2% of newborn infants have congenital or genetically 
determined abnormalities. Congenital abnormalities account 
for 20-3074 of perinatal deaths. 90% of infants with congenital 
malformations and chromosome disorders are born to healthy 
veung women with no identifiable risk factor. The detection of 
these disorders will therefore require screening of all pregnant 
women by methods that are safe, simple, cheap and effective. 
This study describes our experience of prenatal ultrasound 
screening of an unselected low risk population in a district 
general hospital using radiographers. The technique and equip- 
ment are described. 6412 babies were born in our hospital 
during 1989/90. There were in addition 29 terminations of 
pregnancy for fetal abnormality. An estimated 97% of all 
pregnancies were scanned in the second trimester in our 
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hospital. 89 fetuses (1.4%) were abnormal at birth or at 
induced termination of the pregnancy. Of the 89 abnormal 
fetuses, 87 were scanned in our hospital and 58 were detected 
by ultrasound during the pregancy (sensitivity 66.7%). 84 
fetuses with significant abnormalities confirmed at delivery 
were scanned in the second trimester in our hospital. In 5l 
cases, the abnormality was correctly diagnosed by ultrasound 
before 22 weeks gestation (sensitivity 60.7%). 50 of the 87 
abnormal fetuses scanned had potentially lethal or major 
handicapping abnormalities, of which 43 were correctly 
detected by ultrasound during the pregnancy (sensitivity 86%). 
38 were correctly diagnosed before 22 weeks gestation (sensi- 
tivity 76%). 6352 fetuses were normal at delivery or on 
discharge from hospital. There was one false positive diagnosis 
of abnormality which did not affect outcome (specificity 
99.98%). Routine screening by radiographers of unselected 
pregnant women at low risk of fetal abnormality by ultrasound 
in the second trimester can detect the majority of major fetal 
congenital abnormalities in time to allow parents and obstetri- 
cians informed choice about the management of the pregnancy. 
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A comparison of the changes in pelvic blood flow in 
early intrauterine pregnancies and ectopic pregnancies 
T. H. Bourne, D. Jurkovic, K. Reynolds, S. Campbell and 
W. P. Collins 

The Department of Obstetrics and Gynaecology, Kings College 
School of Medicine and Dentistry, London 


The incidence of ectopic pregnancy is increasing. The avail- 
ability of relatively non-invasive techniques for the treatment 
of this disorder has led to some workers advocating a policy of 
screening eariy pregnancies to check for their location. A more 
sensitive and specific test for presence or absence of an ectopic 
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pregnancy would be of value. Transvaginal colour Doppler has 
been used to study blood flow within the corpus luteum, 
uterine arteries and developing trophoblast of 20 uncomplicated 
intra-uterine pregnancies (from 4 to 20 weeks gestation). These 
data were compared to a further 20 women with ectopic 
pregnancies. There was no difference between the two groups 
with regard to indices of blood flow within trophoblast or 
corpora lutea. Whilst indices of impedance to flow were similar 
in both groups, there was a significant reduction in peak blood 
velocity within the uterine arteries of women with ectopic 
pregnancy. Such a difference is unlikely to be clinically useful. 
However the corpus lueteum was identified in all cases and was 
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ipsilateral to the ectopic gestation in over 90%; this informa- 
tion may be used as a guide to the identification of an ectopic 
gestation sac. The blood supply to the corpus luteum and the 
ectopic sac could usually be identified separately. These subtle 
vascular changes may be helpful in making the correct diag- 
nosis in the presence of an adnexal mass. These data suggest 
that there are only limited haemodynamic differences between 
early normotopic and ectopic pregnancies, but that subtle 
changes in tubal and ovarian vascularity may have a role in 
improving the facility with which ectopic pregnancy can be 
diagnosed. 


Transvaginal versus transabdominal scan in 
measurement of the endometrial thickness in post- 
menopausal women 

M. N. Nasri 

506 Park West, Park West Place, London W2 20S 


Transvaginal (TVS) and transabdominal (TAS) ultrasound 
approaches to measure the endometrial thickness in post- 
menopausal women were compared in two separate groups of 
patients. The first group consisted of 90 women who had a 
TAS of the endometrium before dilatation and curettage or 
hysterectomy for either post-menopausal bleeding or uterine 
prolapse. The second group consisted of 111 women who had a 
TVS of the endometrium for similar post-menopausal symp- 
toms. Patients acceptance and image quality were better in the 
TVS group. The proximity of the transvaginal probe to the 
endometrium and the absence of a full bladder compressing the 
endometrium revealed a unique group of patients with atrophic 
but thick endometrium due to the intracavity fluid. In the 
presence of uterine fibroids distorting the uterine cavity, TVS 
was better than TAS in visualizing the endometrium. The 
transabdominal full bladder approach can be of value in 
detecting asymptomatic bladder pathology. The disadvantages 
of TVS are initial difficulty with anatomical orientation and 
unacceptability in virgins or patients with gross vaginal 
atrophy. The advantages of TVS in measuring the endome- 
trium in post-menopausal women include excellent tissue 
characterization, rapid performance, resolution of many of the 
technical difficulties of TAS and good patient acceptance. 


Ultrasound appearances of the endometrium before and 
after endometrial resection related to clinical response 
M. Rymer and M. Creagh-Barry 

Poole General Hospital, Longfleet Road, Poole, Dorset 

BHIS 2JB 


All patients attending for endometrial resection at a district 
general hospital were examined by transvaginal ultrasound pre- 
operatively, 30—40 days after the commencement of patient 
preparation with Danazol, and post-operatively at 12-14 
weeks. Patients were examined by ultrasound to assess endo- 
metrial thickness and uterine dimensions together with any 
incidental or related pathology. The aims of the study were to 
obtain a pre-operative assessment as a baseline for comparison, 
to look for incidental pathology and determine a possible 
relationship with response to treatment, to assess measurement 
of myometrial thickness as an aid to the procedure. The aims of 
the post-operative study were to establish "normal" appear- 
ances to aid ultrasound assessment when scanning patients 
with complications following the procedure of endometrial 
resection, and to document ultrasound appearances of compli- 
cations. The findings are reported with relation to clinical 
outcome following endometrial resection. 
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The incidence and significance of post-hysterectomy 
pelvic fluid collections 

J. Slavotinek, L. H. Berman and D. Burch 

The Departments of Radiology, Addenbrooke's Hospital, 
Cambridge CB2 20Q 


Pyrexia and vaginal discharge are common post-hysterectomy 
sequelae. Although many febrile patients demonstrate no sono- 
graphic abnormality, the authors have observed pelvic Huid 
collections at the apex of the vagina in some of these sympto- 
matic patients utilizing endovaginal sonography. These collec- 
tions have usually proved to be sterile when drained under EV 
sonographic control. There are no previous studies assessing 
the incidence of post-hysterectomy collections or whether their 
presence correlates with symptoms or physical signs. 
Endovaginal scans were obtained four days after hysterectomy 
in 32 consecutive subjects. Pelvic collections were identified in 
19 patients (59%) of whom nine were asymptomatic. There was 
no correlation between the findings of post-operative pyrexia 
or discharge and the presence, size or sonographic character- 
istics of a vault collection. 24 patients consented to a second 
scan at 7 weeks including 14 of the 19 patients with abnormal 
initial scans. Five of these patients with abnormal scans 
demonstrated a persisting but smaller collection at the follow- 
up scan. In nine patients the collection had resolved by 7 
weeks. Surprisingly, in two cases with normal initial scans, 
collections were detectable on the later study. The authors 
conclude that most patients undergoing hysterectomy sustain à 
pelvic collection detectable by EV sonography and that this 
finding does not correlate with symptoms or signs. 


Transvaginal colour Doppler ultrasonography for the 
diagnosis of uterine cancer 

T. H. Bourne, T. Crayford, K. Reynolds, J. Hampson, S. 
Campbell and W. P. Collins 

Department of Obstetrics and Gynaecology, King's College 
School of Medicine and Dentistry, London 


Transvaginal colour Doppler ultrasonography has been used to 
assess uterine blood flow and morphology in 227 post-meno- 
pausal women. 72 had symptoms of abnormal post-meno- 
pausal bleeding, and 155 were asymptomatic. Endometrial! 
biopsy was performed after ultrasonography had been per- 
formed. There were 119 women whose endometrium was atro- 
phic, 23 with secretory or proliferative changes, three cases of 
hyperplasia, and 24 women with confirmed endometrial carci- 
noma. 58 women were taking hormone replacement therapy. 
All women with endometrial cancer had a significantly thicker 
endometrium (mean 20.2 mm) than the other groups such as 
those with atrophic endometrium (1.35 mm). In addition all 
cases of uterine cancer had a markedly lower pulsatility index 
(PI) (mean PI 1.00 compared to 3.80 for atrophic endome- 
trium), suggesting reduced impedance to blood flow within the 
uterine arteries distal to the point of sampling. It is of interest 
that women taking hormone replacement therapy demon- 
strated a marked decrease in impedance to blood flow in the 
uterine arteries (mean PI 2.5) suggesting that oestrogens may 
have a direct effect on the human vasculature. The difference in 
PI and endometrial thickness measurements between the 
groups suggests that discriminatory values may be determined. 
We are currently assessing the use of transvaginal colour 
Doppler in a screening programme for early ovarian and 
uterine cancer. 


UN 
t2 
th 


Vaginal scanning in a district general hospital 
H. Massouh 

X-ray Department, Frimley Park Hospital, Frimley, 
Camberley, Surrey 


Vaginal ultrasound (VUS) is a well-recognized modality for 
diagnosing pelvic pathology. Its well-known advantages over 
the transabdominal ultrasound, plus the availability of vaginal 
transducers by almost all known ultrasound manufacturers, 
makes it an important diagnostic tool which should be avail- 
able to all sonographers at every district general hospital 
(DGH VUS is an essential technique in in vitro fertilization, 
monitoring follicular growth during ovarian stimulation and 
assessing endometrial changes. It is the examination of choice 
in the first 14 weeks of pregnancy for confirming viability, early 
confirmation of fetal anatomy and accurately assessing the fetal 
age. It is an excellent method for visualizing placental anoma- 
lies, particularly praevia and succenturiate lobe. VUS clearly 
visualizes ovaries and uterus and demonstrates their abnor- 
malities. In particular it is an essential technique in diagnosing 
polycystic ovaries, dermoid cysts, pathologically enlarged cystic 
or solid ovarian and uterine masses and early detection of 
ovarian cancer. In our experience, VUS has been extremely 
helpful in pelvic inflammation like hydrosalpinx, diverticulitis, 
colitis and their complications. In particular, it is a useful 
approach for draining/aspirating pelvic abscesses under ultra- 
sound guidance. In certain cases, and following careful criteria, 
VUS can be used for aspirating simple ovarian cysts, 
performing fine-needle aspiration on pelvic. tumours or 
suspected recurrence. The use of colour flow ultrasound, 
subject to availability in a DGH, is used in assessing pelvic 
varices and pelvic vascular anomalies, studying the ovarian and 
uterine vasculature and adding new methods for diagnosing 
pelvic anomalies. This talk will cover and demonstrate the 
usefulness of vaginal scanning in a variety of pelvic pathologies 
with special emphasis on its role in DGH. 


Transabdominal versus transcervical chorionic villus 
sampling 

D, Maxwell 

Guy s Hospital, Floor 2, New Guy's House, London Bridge, 
London SEI 9RT 


The aim of chorionic villus sampling (CVS) is reliably to obtain 
an adequate quantity of clean villus tissue for laboratory 
analysis. The method chosen should combine the greatest 
safety with the least discomfort and be acceptable to the 
individual woman. The technical evolution of CVS has seen 
utihzanon of the transabdominal and transcervical routes 
under ultrasound guidance. There are vigorous advocates of 
the superiority of each of these methods. Comparative studies 
by sampling route have not shown convincing evidence that 
either technique is preferable, Both are comparable for reli- 
ability, amount of villus tissue obtained, patient. discomfort 
and patient preference. This analysis with regard to pregnancy 
nsk remains limited, At present, neither techique could claim to 
be unequivocally safer. The choice of route for CVS can 
therefore, be made entirely on pragmatic grounds. Free-hand 
transabdominal CVS can be performed over a wide gestational 
range and the technique is inherently similar to other ultra- 
sound-guided techniques. It is easy to learn and the perform- 
ance of any other ultrasound-guided technique reinforces the 
operators ability to perform a transabdominal CVS. For these 
reasons, transabdominal CVS should be considered the 
primary technique. Not all transabdominal procedures will be 
easy and not al! patients will wish to have the test done by this 
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method. In any centre performing large numbers of CVS, it 
seems reasonable at the present time to maintain the avail- 
ability of both transabdominal and transcervical methods. 


Choroid plexus cysts—incidence and clinical significance 
in low-risk pregnancies 

*T. Chudleigh, *L. Chitty, TS. Campbell and *M. Pembrey 

* Institute of Child Health, Guildford Street, London, and 

t Department of Obstetrics and Gynaecology, King s College 
Hospital, London 


The first prenatal diagnosis of choroid plexus cysts was made in 
1984 and since this time many workers have described an 
association with trisomy 18. Many of these studies refer to 
high-risk populations or to a relatively small number of preg- 
nancies. We have designed a multicentre study, involving 14 
hospitals, to investigate the incidence of choroid plexus cysts 
and their association with abnormal karyotypes in a large low- 
risk population. In the first 18 months of this study 287 fetuses 
with choroid plexus cysts were identified in a total of 45 350 
deliveries. In 19 cases there was an associated anomaly. One of 
these fetuses had trisomy 18. In the remaining 269 fetuses the 
choroid plexus cysts were an isolated finding. One of these 
fetuses was found the have trisomy [8 at amniocentesis. Of the 
remainder there was one intrauterine death and one intra- 
partum malformed still birth. We will discuss our findings, 
including size, number, laterality and time of resolution of the 
cysts and the relevance of prenatal karyotyping in the light of 
our report and other published papers. 


Incidence, natural history and clinical significance of 
mild fetal pyelectasis 

*L. Chitty, *T. Chudleigh, tS. Campbell and *M. Pembrey 
* Institute of Child Health, Guildford Street, London and 

t Department of Obstetrics and Gynaecology, King's College 
Hospital, London 


Mild fetal pyelectasis is a relatively common finding but its 
clinical significance to the neonate remains unclear. Previous 
reports would suggest that the likelihood of neonatal renal 
pathology is small if the dilatation of the renal pelvis is less 
than 10 mm. The other significant association appears to be 
with Down's syndrome. We have designed a multicentre study, 
involving 14 hospitals, to define more clearly the normal renal 
pelvic parameters, to establish the clinical significance of mild 
fetal pyelectasis to the neomate and to determine the associated 
risk of an abnormal karyotype. In the first 18 months of the 
study, 373 fetuses with mild pyelectasis (defined as a mean 
transverse and antero-posterior pelvic diameter of 5 mm or 
greater) were identified in 45 350 deliveries. Pyelectasis was an 
isolated finding of 350 fetuses of which three had an abnormal 
karyotype. The remaining 23 had an associated structural 
abnormality, four of these had karyotypic abnormalities. We 
will discuss the natural history of the pyelectasis in these 
fetuses. The study is designed to provide paediatric follow up 
to the age of one year (or more if clinically indicated) for all 
fetuses recruited into the study. We will present details of this 
follow up and its relevance of pre-natal counselling. 


The differential diagnosis of normal size hyperechogenic 
kidney detected antenatally 

C. Owen and R. De Bruyn 

Department of Paediatric Radiology, The Hospital for Sick 
Children, Great Ormond Street, London WCIN 3JH 

The antenatal detection of normal size hyper-reflective kidneys 
can pose both a diagnostic and counselling dilemma especially 
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when discovered during a routine scan. We present four 
patients with normal size hyperechoic kidneys detected antena- 
tally and their post-natal follow up. One patient has nephrocal- 
cinosis, another has a large calcified thrombus in the IVC. The 
remaining two have been diagnosed as renal dysplasia. The 
literature will be reviewed and the differential diagnosis 
discussed. A protocol for the post-natal investigation of infants 
with antenatally diagnosed hyperechoic kidneys is suggested. 


The antenatal ultrasound appearances of gastroschisis 
and their correlation with neonatal findings at surgical 
repair 

W. W. Gibbon and C. Hayward 

Department of Diagnostic Radiology, University Hospital of 
Wales, Heath Park, Cardiff 


Gastroschisis 1s a rare extraumbilical defect of the anterior 
abdominal wall probably produced by premature obliteration 
of the right, or more rarely, left umbilical vein. The true 
incidence has apparently increased over recent years and the 
incidence of antenatal ultrasound diagnosis has certainly 
increased and improved sonographic experience and tech- 
nology. We describe the specific sonographic features of 
gastroschisis both with regard to differentiation from omphalo- 
coele and the features suggesting intrauterine complications of 
gastroschisis. The antenatal sonographic findings of 15 cases of 
proven gastroschisis diagnosed over a 3 year period from 1988 
to 1991, were compared with surgical findings at neonatal 
repair (13) or termination (2). No satisfactory qualitative nor 
quantitative criteria for the diagnosis of bowel atresia in utero 
and no accurate prognostic indicator of bowel viability or 
overall survival was found. Early antenatal diagnosis did, 
however, allow careful parental counselling and obstetric care. 
It also allowed planned delivery at a specialized centre where 
surgical repair of the abdominal wall defect and any associated 
complications could be corrected in the immediate neonatal 
period. We suggest a rationale for the diagnosis and follow up 
of such cases over the antenatal period to provide optimum 
conditions for neonatal surgery. 


The outcome of fetuses with anterior abdominal wall 
defects 

F. M. A. Wilson and P. Twining 

X-ray Department, University Hospital, Queen's Medical 
Centre, Nottingham NG7 2UH 

in order to assess the outcome of fetuses with anterior 
abdominal wall defects, a 4 year review was carried out at 
Queen's Medical Centre, Nottingham. 19 fetuses were available 
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for study. There were nine cases of omphalococle, eight cases of 
gastroschisis and two cases of eventration. Six of the eight cases 
of omphalocoele were associated with other abnormalities and 
two of these had chromosomal anomalies-one trisomy 13 and 
one trisomy 18. The three fetuses with an isolated omphalo- 
coele had normal chromosomes. In the omphalocoele group, 
three patients opted for a termination of pregnancy, three were 
stillborn, there was one neonatal death and two babies are alive 
and well. In the gastroschisis group one patient opted for a 
termination of pregnancy, there were two neonatal deaths and 
five babies are alive and well. One fetus with gastroschisis 
developed jejunal atresia later in pregnancy and this patient 
represented one of the neonatal deaths. Both cases of event- 
ration opted for a termination of pregnancy. Within the total 
group there were IO liveborn babies, five were delivered by 
caesarian section and five by vaginal delivery. In our study, 
fetuses with omphalocoele have a high incidence of associated 
anomalies, a high rate of chromosomal defects and a poor 
prognosis, Isolated defects have a low incidence of chromo- 
somal anomalies. Fetuses with gastroschisis have a good prog- 
nosis: however, serial scans are indicated in order to exclude 
the development of complications such as jejunal atresia which 
has a poor prognosis. We recommend karyotyping all cases of 
omphalocoele and serial scanning to exclude the development 
of complications, particularly in fetuses with gastroschisis. 


Fetal nuchal translucency: ultrasound screening for 
chromosomal defects in the first trimester of pregnancy 
K. N. Nicolaides, G. Azar, *D. L. Bryne and K. Marks 
Harris Birthright Research Centre for Fetal Medicine. King x 
College Hospital, Denmark Hill, London, and * Department of 
Obstetrics and Gynaecology, St Thomas! Hospital, London 


In a prospective randomized trial comparing the safety and 
diagnostic accuracy of amniocentesis and chorion villus 
sampling for fetal karyotype at 10-14 weeks gestation, subcuta- 
neous nuchal translucency was detected by ultrasonography in 
72 of the 706 (10.2%) fetuses. The indications for fetal karyo- 
typing were advanced maternal age, parental anxiety or a 
family history of chromosomal abnormality in the absence of a 
balanced parental translocation. The incidence of chromo- 
somal defects was 3% (24 of 706 cases). In the 41 (695) fetuses 
with nuchal translucency 3-8 mm in thickness, the incidence of 
chromosomal defects was 37% (14 cases). In contrast, only 9 of 
the remaining 665 (1%) fetuses (including the 31 with translu- 
cency of 2 mm or less) were chromosomally abnormal. 
Therefore, in an unselected, low-risk population of women 
having fetal karyotyping the presence of fetal nuchal transiu- 
cency > 23 mm is associated with a ten-fold increase in the 
risk for a chromosomal abnormality. 
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Fetal biometry charts: which charts and when? by L. Chitty, D. Altman and S. Campbell 


Fetal biometry charts: which charts and when? 


*L. Chitty, YD. Altman and $S. Campbell 

* Institute of Child Health, London, t Imperial Cancer Research 
Fund, London and {Department of Obstetrics and 
Gynaecology, King's College Hospital, London 


Fetal biometry charts are used for a variety of purposes, 
principally dating, growth and diagnosis of abnormalites. It is 
important that whichever chart is used has been appropriately 
constructed and is correctly used for each purpose. We have 
devised charts for a variety of fetal parameters in both longi- 
tudmal and cross-sectional studies in a low-risk population in 
South East London. We have found that the bi-parietal 
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Biophysical fetal assessment, by J. C. Dornan 


diameter is slightly, but significantly, small at all gestations 
when the fetus is not in a cephalic position. In contrast, the 
head circumference is unaltered by fetal position. These find- 
ings have particular significance when using charts of bi- 
parietal diameter alone to estimate gestational age and may 
result in inaccurate dating. Our studies have also shown that 
the measurements of head and abdominal circumference vary 
depending on whether direct plotting or derivation from 
diameters is used to assess size. This implies that to avoid error 
in the assessment of fetal size the appropriate chart should be 
used for the technique employed. Finally, we will discuss any 
difference between the charts derived from the cross-sectional 
and longitudinal studies and the significance to the assessment 
of growth velocity. 


Prediction of fetal acidemia in pregnancies complicated by maternal diabetes mellitus by biophysical profile scoring and fetal heart 
rate monitoring, by D. R. Salvesen, M. J. Brudenell and K. H. Nicolaides 

The prediction of pre-eclampsia using transvaginal Doppler ultrasound in early pregnancy, by K. F. Harrington and S. Campbell 

Pregnancy loss following fetal blood sampling—an evaluation in relation to indication, by D. Maxwell, P. Johnson, P. Hurley, K. 


Neales, L. Allan and P. Knott 


Ultrasound time management: a cost-effective approach, by S. Hasnain, T. Chudleigh and S. Campbell 
Doppler studies of the fetal vasculature in the prediction and management of the at risk pregnancy, by K. F. Harrington and S. 


Campbell 


Overview of the current state of obstetric Doppler and new advances, by B. J. Trudinger 


Biophysical fetal assessment 

L C. Dornan 

Department of Obstetrics and Gynaecology, QUB, Institute of 
Clinical Science, Grosvenor Road, Belfast BT12 6BJ 


Biophysical fetal assessment was introduced to Western 
obstetrics some 15 years ago by Frank Manning who 
developed an “intrauterine Apgar score" to be applied to all 
fetuses at all gestations in all obstetrical conditions. Therein lies 
its strength and its weaknesses. Each particular fetus has its 
own obstetrical problem and has individual parameters which 
are more appropriate to it. The gestation and obstetrical condi- 
uon must be taken into account, and the observed biophysical 
features expanded outside the five proposed by Dr Manning. 
We must further consider keeping the biophysical fetal assess- 
ment on apparently low-risk fetuses rather than those just 
chnically identified as being at high risk. In our own unit at the 
Royal Maternity Hospital, Belfast (3500 deliveries yearly), 
20% of patients are referred to biophysical fetal assessment. Of 
the 80% not referred, 90% of the perinatal mortality occurs. 
779^ of intrauterine growth retardation is undetected clinically 
at the antenatal clinic. The observation of normal liquor 
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volume and an estimated fetal weight of > lOth centile is 
associated with a 99.8% negative predictive value for PNM. It 
will be suggested that assessment of liquor volume and esti- 
mated fetal weight should be a routine screening assessment for 
all pregnancies whether previously designated high or low risk. 


Prediction of fetal acidemia in pregnancies complicated 
by maternal diabetes mellitus by biophysical profile 
scoring and fetal heart rate monitoring 

D. R. Salvesen, M. J. Brudenell and K. H. Nicolaides 
Harris Birthright Research Centre for Fetal Medicine, King's 
College Hospital, Denmark Hill, London SES 


In 31 pregnancies complicated by maternal diabetes mellitus, 
fetal heart rate (FHR) monitoring with computer-assisted 
analysis and the biophysical profile score were used to investi- 
gate the relationship between non-invasive methods of fetal 
assessment and umbilical venous blood glucose concentration 
and blood gases. Fetal blood was obtained by cordocentesis up 
to 24 h before delivery at 27—39 weeks’ gestation. The mean 
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umbilical venous pH was significantly lower than the normal 
mean for gestation, and was below the 5th centile in 15 of the 
cases. The mean PO, was not significantly different from the 
normal mean for gestation. Both the biophysical profile score 
and FHR variation provided poor prediction of the degree of 
fetal acidemia. This data demonstrates that in pregnancies 
complicated by maternal diabetes mellitus, some fetuses are 
acidemic. If fetal acidemia is the cause of late unexplained still- 
births in this group of pregnancies, then our present methods 
of fetal assessment are poor at identifying those pregnancies at 
greatest risk. 


The prediction of pre-eclampsia using transvaginal 
Doppler ultrasound in early pregnancy 

K. F. Harrington and S. Campbell 

Department of Obstetrics and Gynaecology, King's College 
Hospital, London 


Doppler ultrasound studies of the uterine artery have shown 
promise as a predictor of the subsequent development of 
pregnancy complications, in particular pre-eclampsia, and low- 
dose aspirin is associated with an improved outcome if 
commenced before the clinical onset of the disease. In an on- 
going study, 600 unselected antenatal patients had transvaginal 
Doppler studies of the uterine artery performed in the first 15 
weeks of pregnancy, to assess its value in identifying a group of 
patients at risk of developing pre-eclampsia and other preg- 
nancy complications. The examinations were performed using 
a 5 MHz transducer on an Acuson 128. The pregnancies were 
dated by crown-rump length. Early pregnancy loss, multiple 
pregnancy and structurally abnormal pregnancies were 
excluded from the analysis. The uterine arteries were identified 
with colour flow imaging at the level of the cervical internal os. 
Pulsed Doppler was then applied to each artery and measure- 
ments obtained from a consistent clear waveform. From 6-15 
weeks there is a gradual rise in vessel diameter 
(2.080 cm 0.408 to 2.6740.3625), mean (12.3420.5 to 
33.4 14.5) and maximum (52.35 14.9 to 103.6 +29.8) velo- 
city, there is a reduction in the resistance index (RN 
(0.857+0.051 to 0.667+0.133) and pulsatility index 
(2.43+0.567 to 1.43+0.64). There is a fall in the number of 
bilateral uterine notches from 54% to 38%. Almost 200 
patients have delivered, six developing pre-eclampsia. All six 
patients had bilateral notches in the first trimester, and an RI 
value > 50th centile. This data may be of use in identifying a 
group suitable for treatment with aspirin from early pregnancy. 
The results of the study will be presented. 


Pregnancy loss following fetal blood sampling—an 
evaluation in relation to indication 

D. Maxwell, P. Johnson, P. Hurley, K. Neales, L. Allan and 
P. Knott 

Fetal Medicine Unit, Guy's Hospital, London, England 


In order to assess pregnancy losses after ultrasound-guided 
fetal blood sampling, an analysis of 363 samplings was per- 
formed in relation to the indication for the procedure. All 
procedures were performed using identical high-resolution 
ultrasound equipment and a standard freehand technique. 
Patients were divided into four groups: pre-natal diagnosis with 
normal ultrasound findings, structural fetal abnormality, fetal 
assessment (intrauterine growth retardation, infection, etc.) 
and non-immune hydrops. Gestational age ranged from 16 to 
38 weeks, and blood was taken from the umbilical cord, fetal 
heart or intrahepatic portion of the umbilical vein. Employing 
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a definition of a loss within 2 weeks as being directly related to 
the procedure, the losses ranged from 1.1% in the ‘low-risk’ 
group being investigated for inherited disease, to 25% in the 
‘high-risk’ group with non-immune hydrops. All pregnancy 
losses were examined, and of the 65 which occurred, 25 were 
within 2 weeks. In the pre-natal diagnosis group, one preg- 
nancy loss occurred within 2 weeks (1.1%), nine (7.3%) in the 
structural abnormality group and five (14.7%) in those under- 
going fetal assessment whereas 10 such losses occurred in the 
non-immune hydrops group (2595). These differences are statis- 
tically significant (y! = 18.535). There was no relationship 
demonstrated between pregnancy loss and gestation at 
sampling or site of sampling. This study confirms that the risk 
of ultrasound-guided fetal blood sampling is increased in 
abnormal pregnancies, reflecting the underlying pathology, and 
this must be taken into account when counselling prior to the 
procedure. 


Ultrasound time management: a cost-effective approach 
S. Hasnain, T. Chudleigh and S. Campbell 

Ultrasound Department, 6th Floor, New Ward Block, King's 
College Hospital, Denmark Hill, London SES 


With the current application of many hospitals for trust status, 
the role of the sonographer in providing an efficient high- 
quality obstetric service is placed under close assessment. The 
obstetric ultrasound examination is dependent on the 
following: (1) the protocol of the department; (2) the equip- 
ment and staff available; and (3) the patient throughput/time 
availability. The ultrasound examination may be divided into 
components of time: (a) collection time-—the time taken to 
bring the patient from the waiting area and to prepare her for 
her scan: (b) scan time—the time taken in assessment and 
measurement of the fetus and uterus; and 
(c) administration/discussion time—the time taken to evaluate 
the information from the scan, record or plot it appropriately, 
and to discuss the findings and any relevant follow-up with the 
patient and her partner. We present the results from time 
studies, carried out during 500 routine 20 week obstetric exam- 
inations. We compare these findings to those from a further 50 
pregnancies where the partners were not present from the start 
of the procedure but were invited into the scanning room after 
the majority of the examination was completed. From our 
results we assess how the limited time available for individual 
obstetric ultrasound examinations can be best utilized. 


Doppler studies of the fetal vasculature in the prediction 
and management of the at risk pregnancy 

K. F. Harringon and S. Campbell 

Department of Obstetrics and Gynaecology, King's College 
Hospital, London 


The use of Doppler ultrasound studies of the umbilical artery 
in identifying true growth retardation from the constitutionally 
small fetus is well established. The role of Doppler studies of 
the fetal vasculature is less clear. The normal changes in fetal 
blood flow though the latter stages of pregnancy have already 
been documented. as well as the findings in the fetus with 
established intrauterine growth retardatin or rhesus disease. 
We performed serial Doppler studies of the fetal thoracic aorta, 
renal and middle cerebral arteries in 64 women with a poor 
obstetric history and/or abnormal Doppler studies of the 
uterine artery at 24 weeks (and endsystolic notch and/or a 
resistance index > 95th centile). 15 women subsequently 
developed pre-eclampsia; the Doppler studies of the fetus did 
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not become abnormal until shortly before or at the onset of the 
clinical disease. Three patients had evidence of intrauterine 
growth retardation (TUGR), in the absence of pre-eclampsia. 
All three fetuses showed a pattern of redistribution at the time 
IUGR was suspected but not before. One patient retained 
normal blood flow in the umbilical artery despite severe fetal 
redistribution, thought to be as a result of having a single 
umbilical artery, confirmed at Caesarian delivery for fetal 
acidosis. Doppler ultrasound of the fetal vasculature does not 
appear to predict the subsequent development of pregnancy 
complications but is useful in the management of the high risk 
fetus. 


Overview of the current state of obstetric Doppler and 
new advances 

B. J. Trudinger 

Department of Obstetrics and Gynaecology, The University of 
Sydney at Westmead Hospital, Westmead, NSW 2145, 
Australia 


Doppler ultrasound provides unique information about blood 
flow, and the state of the vascular bed, in locations the obstetri- 
can could oniy have dreamed of measuring in the past. 
Information is now available about pregnancy physiology and 
the pathophysiology of common obstetric problems, parti- 
cularly hypertension, placental insufficiency and the consequent 
fetal compromise. The umbilical placental circulation has been 
most studied and is most developed in terms of clinical utility. 
A well-defined placental vascular pathology is recognized. The 
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effects on the fetus in terms of growth failure and developing 
hypoxaemia are established. Recognition of abnormality in the 
umbilical Doppler study dictates intensive fetal surveillance. It 
is important to keep in mind that umbilical Doppler identifies a 
placental lesion and so potential fetal comprise. Fetal studies 
are needed to confirm this. There is also evidence that the 
placental lesion may be arrested by low-dose aspirin therapy 
and this opens new approaches to management. Attention Is 
also focusing on Doppler studies of the fetal circulation in the 
hope that these will define the extent of fetal compromise. The 
well-known “brain sparing’ when fetal growth fails has focused 
attention on the cerebral circulation. All major artenes of the 
brain can be studied. It does appear that cerebral vasodila- 
tation can be defined in the presence of fetal hypoxaemia, 
although some caution in interpretation is necessary. Arterial 
flow in the fetal kidneys and to the limbs has also been studied. 
Attention is also directed now to the venous side of the fetal 
circulation. Flow patterns in the fetal inferior vena cava reflect 
venous filling pressure which changes in fetal compromise. 
Phasic variations in the umbilical vein flow profile are also 
seen. Interestingly, these patterns may be used to provide 
information about fetal breathing and lung maturation. The 
relationship between fetal umbilical and maternal uterine 
placental flow remains of major interest and importance. The 
uterine circulation is being increasingly studied from the view 
point of prediction of risk of pregnancy hypertension—an issue 
made important by the opportunity to reduce this risk through 
aspirin therapy. Controversy in this area is high and will be 
addressed. It can be confidently predicted that the 1990s will 
see a quite remarkable change in the way pregnancy well-being 
is assessed and Doppler ultrasound will lead the wav. 
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Doppler assessment of fetal wellbeing following external cephalic version, by A. D. Cameron and J. B. Robins 

Antenatal ultrasound diagnosis of aneurysm of the vein of Galen confirmed by pulsed Doppler, by L. Worswick and R.F. 
Lamont 

A case of mistaken identity! bv Y. Kassam and M. Rymer 

Clinical and pathological factors in spontaneous abortion following chorionic villus sampling, by M. J. McCormack, W. E. 
Mackenzie, D. I. Rushton and J. R. Newton 

Sonographic comparison of holoprosencephaly and agenesis of corpus callosum in the fetus, by W. Issa, M. Wright and S. L. B. 
Duncan 

Phocomelia—two interesting cases both diagnosed by ultrasonography during the second trimester, by O. Clarke, W. L. Wong 
and L. McDonald 

Hands, knees and bumps-a-daisy, by L. O'Connor and F. Bottomley 

Reproducibility of ultrasonic measurements of fetal growth, by T. C. Chang, S. C. Robson, S. Gallivan and J. A. D. Spencer 

Comparison of different ultrasound parameters in the prediction of small for gestational age (SGA) infants, by T. C. Chang, S. C. 
Robson, J. A. D. S. Spencer and R. Boys 

Last menstrual period or ultrasound as a baseline for fetal growth assessment? 'New look' growth curves avoid the dilemma, by N. 
J. Dudley 

Ultrasonographic growth measurements in triplet pregnancies, S. Fountain, M. Elder, S. Bishop and R. Winston 

Longitudinal assessment of amniotic fluid index, by C. Nwosu and S. Walkinshaw 

The accuracy of the ultrasonic diagnosis of hypertrophic pyloric stenosis by paediatric radiographers: an analysis, by B. E. Kelly, 
J. McKinstrey and P. S. Thomas 

Ultrasound of the infant hip. A review of two year's experience at Queen Mary's Hospital for Children, by N. Joshi, V. Cook and 
S. Pablot 

Periportal cuffing-a sign of infectious mononucleosis on ultrasound of the liver, by P. Guest and A. E. A. Joseph 

The thread and streak sign of portal vein tumour thrombus demonstrated by colour Doppler imaging, by K. M. McBride and J. 
Masterson 

Epithelioid haemangio-endothelioma of liver. A rare tumour, easily mistaken for metastatic carcinoma on sonography, by B. 
Banerjee, A. Rennison and M. Cooper-Wilson 

Sonographic demonstration of a leaking hydatid cyst of the liver, causing atypical appearance of a cyst with an internal 
membrane, by B. Banerjee, A. Rennison and Q. M. Haque 

Endoscopic ultrasound of the common bile duct, by S. Campbell and B. J. Rathbone 

Ultrasonography of the eye in domestic animals, by C. Paterson, J. S. Boyd and J. R. B. Mould 

Anal endosonography: technique and normal anatomy, by M. B. Nielsen, J. F. Pedersen, C. Hauge, O. Rasmussen and J. 
Christiansen 

A non-invasive alternative to angiography in the assessment of the superficial femoral and popliteal artery for angioplasty, by A. 
H. Davies, T. Magee, D. Jones, S. E. A. Cole, J. K. Hayward, R. Parry, P. Murphy, R. N. Baird and M. Horrocks 

Incidence of multiple aneurysms in patients presenting with popliteal aneurysm: is screening worthwhile? by D. R. Jones, R. Parry, 
A. H. Davies, T. R. Magee, R. N. Baird and M. Horrocks 

It must be good: our tests say so! by S. G. Metcalfe and J. A. Evans 

Routine ultrasound quality assurance for the sonography, by J. P. Brookes and J. M. Pelmore 


in the table. These results demonstrate a slightly significant 
decrease in the resistance index of the umbilical artery 
following an attempt at ECV. This may indicate a beta 
sympathomimetic effect from the administration of rotodrine. 
To date, no adverse effect of ECV on the utero-placental 
circulation has been demonstrated, but a larger study is being 
undertaken in order to confirm these preliminary results. 


Doppler assessment of fetal wellbeing following external 
cephalic version 

A. D. Cameron and J. B. Robins 

Perinatal Research Unit, Glasgow Royal Maternity Hospital, 
Rottenrow, Glasgow 


External cephalic version (ECV) is a well-recognized obstetric 
procedure that is currently enjoying a revival. This is in part 
due to the use of ultrasound techniques in the assessment of 
fetal wellbeing. A study has been initiated in this department to 
investigate the place of pulsed Doppler ultrasound assessment 





of the feto-placental circulation before and after a version 
attempt. 20 patients in our initial study group have undergone 
attempted ECV at term using a standard technique with ritod- 
rine tocolysis and a single operator. Fetal umbilical Doppler 
assessment was performed pre- and post-procedure with analy- 
sis of S/D ratio and resistance index (RI). The results are given 





Umbilical RI 
0.58 + 0.07 


Umbilical S/D 
2.58 + 0.56 


Pre-version 


Umbilical RI 
0.54 + 0.08* 


Umbilical S/D 
2.29 4- 0.47 


Post-version 
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Antenatal ultrasound diagnosis of aneurysm of the vein 
of Galen confirmed by pulsed Doppler 

L. Worswick and R. F. Lamont 

Department of Obstetric Ultrasound, Northwick Park Hospital, 
Watford Road, Harrow, Middlesex HAI 3UJ 


We describe the case of a 32-year-old woman who presented at 
39 weeks gestation in her second pregnancy in pre-term labour. 
Following admission, an ultrasound scan revealed a cystic 
structure in the midline of the fetal brain, superior to the 
hypothalamus. A more detailed scan excluded holoprosence- 
phaly or spina bifida. Fetal anatomy was otherwise normal 
apart from mild unilateral renal pelvic dilation. The position 
and appearance of the cystic lesion had all the characteristics of 
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an aneurysm of the vein of Galen. Pulsed-wave Doppler exam- 
ination performed at 32 weeks gestation showed forward 
arterial flow to be present within the cystic lesion. Further 
scans demonstrated the development of cardiomegaly, sub- 
sequent ascites and other signs of hydrops. The future prog- 
nosis of the mfant was discussed with the parents and with the 
paediatric neurosurgeons. The patient went into spontaneous 
labour at term and was delivered of a live female infant. The 
antenatal diagnosis was confirmed and the infant died after 
60 h of hfe as a result of heart failure. We present the ultra- 
sound images of the aneurysm of Galen including Doppler. We 
believe this to be the earliest antenatal diagnosis of aneurysm 
of the vein of Galen, the first diagnosed antenatally in the UK. 
It is also the first time that pulsed Doppler has been used to 
confirm the diagnosis antenatally. 


A case of mistaken identity! 

Y, Kassam and M. Rymer 

Ultrasound Department, West Dorset Hospital, Damers Road, 
Dorchester, Dorset DTL 2JY 


A case of abdominal pregnancy resulting in delivery of a live 
fetus at 31 weeks. The patient presented initially with irregular 
bleeding and pain and was clinically considered to have a 
fibroid uterus. Initial ultrasound demonstrated a viable, appar- 
ently intrauterine pregnancy of 18 weeks gestation. Routine 
ultrasound at 20 weeks demonstrated normal fetal anatomy 
and the pregnancy progressed unremarkably to 29 weeks when 
the patient presented with vaginal bleeding and was clinically 
thought to be small for gestational age. Ultrasound reported a 
symmetrically small fetus with oligohydramnios and echogenic 
liquor. The placenta was thought to be of abnormal structure, 
possibly molar or placental tumour, Referral to a tertiary 
centre was arranged at 30 weeks for further ultrasound, 
Doppler studies and possible cordocentesis. The examination 
confirmed a symmetrically small fetus with oligohydramnios, a 
bizarre placenta and Doppler studies indicated fetal 
compromise. The patient declined cordocentesis. Immediate 
delivery was advised. Delivery was planned by caesarian 
section. On opening the abdomen, a large cystic mass was 
found adherent to the uterine fundus. Contained within was a 
small fetus with marked pressure deformities and moulding, a 
small volume of blood-stained amniotic fluid and a hard 
spherical placental mass. The appearances at laparotomy were 
thase of a left tubal pregnancy that had progressed to 31 weeks. 
A live baby weighing 952 grams was delivered. Subsequent 
neonatal progress has been good although the baby is awaiting 
surgery for a congenital hip dislocation. At operation the 
placenta was removed due to the earlier diagnosis of possible 
placental tumour. Partial haemostasis was achieved. The 
patient had a transfusion and conservative treatment post- 
operatively. The mother is at present symptom free with a 
slowly resolving organized haematoma. 


Clinical and pathological factors in spontaneous 
abortion following chronic villus sampling 

M. J. McCormack, W. E. Mackenzie, D. I. Rushton and J. 
R. Newton 

Department of Obstetrics and Gynaecology, Birmingham 
Maternity Hospital, Edgbaston, Birmingham B15 2TG 

29 cases of spontaneous abortion following first trimester chor- 
ionic Villus sampling (CVS) were reviewed out of a series of 722 
patients. Of the 29 cases there were only four abnormal CVS 
results. Pathological examination was performed in 79% of 


642 


Proceedings of the BMUS meeting 


cases, and this did not identify any characteristic pathological 
feature associated with spontaneous abortion after CVS. There 
was no obvious difference in the pathological feature following 
the TA or the TC methods. The majority of miscarriages 
occurred within 4 weeks of the procedure, but 38% of cases 
aborted between 7 and 14 weeks after CVS. The transcervical 
(TC) method was used in 22 patients, the transabdominal (TA) 
is six, and both methods in one patient. The TA method was 
associated with a significantly lower fetal loss rate than the TC 
method (TA 2%, TC 9%, p « 0.001). 


Sonographic comparison of holoprosencephaly and 
agenesis of corpus callosum in the fetus 
W. Issa, M. Wright and S. L. B. Duncan 


Department of Obstetrics and Gynaecology, Jessop Hospital 
for Women, Leavygreave Road, Sheffield S3 7RE 


The cerebral ventricles in the fetal brain can be demonstrated 
by ultrasound in the second and third trimesters of pregnancy. 
Characteristic features can now be recognized which enable 
identification of some conditions formerly diagnosed only after 
delivery. We describe the distinguishing features of holoprosen- 
cephaly and agenesis of the corpus callosum. 
Holoprosencephaly is a condition of failure of development 
and cleavage of the prosencephalon. This results in a reduction 
or absence of midline structures with fusion of the thalami and 
usually absence of the third ventricle and corpus callosum. 
There can be variable degrees of separation failure with corre- 
sponding variation in prognosis. More severe cases are always 
fatal. Agenesis of the corpus callosum is due to developmental 
failure of the callosal commissure fibres connecting the cerebral 
hemispheres. The third ventricie is usually enlarged and 
displaced upwards. There is separation of the lateral ventricle 
bodies and dilatation and rounding of the horns of the lateral 
ventricle. There are usually other associated abnormalities. The 
features of these conditions follow from the anatomical defect. 
Though each condition can be of variable degree there are 
characteristic ultrasound features. Features of one each of 
these conditions will be described. Case 1 —Abnormalities were 
noted on a “dating scan” at 19 weeks. Characteristic ultra- 
sound features of holoprosencephaly led to termination of the 
pregnancy. Chromosomes showed trisomy 13. Case 2— The 
intracranial structures were noted to be abnormal at 24 weeks, 
with a dilated third ventricle and colpocephaly. Hydrocephaly 
increased and delivery was induced at 32 weeks. Post-natal scan 
confirmed the features of agenesis of the corpus callosum. The 
infant died after a few hours. Conclusion: The prognosis of 
these, and other, intracranial abnormalities varies. Accurate 
pre-natal diagnosis is improved by awareness of the different 
characteristic features and may enable refinement of pre-natal 
management. 


Phocomelia—two interesting cases both diagnosed by 
ultrasonography during the second trimester 

O. Clarke, W. L. Wong and L. McDonald 

Depariment of Clinical Ultrasound, St. Thomas' Hospital, 
London SEI 7EH 


Phocomelia is derived from two Greek words: phoke, meaning 
seal, and melos, meaning limb. It describes a developmental 
abnormality characterized by absence of the proximal portions 
of a limb or limbs, the hand or feet being attached to the trunk 
of the body by a single small, irregularly shaped bone. This 
fortunately rare, defect is usually associated with Robert's 
syndrome, some varieties of thrombocytopenia with absent 
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radius (TAR) syndrome and Grebe syndrome. In addition it 
may also be caused by thalidomide but this is only of historic 
interest. Isolated phocomelia with no obvious exposure of the 
mother to a teratogen is most unusual. We present two cases of 
isolated phocomelia both made by pre-natal 
ultrasonography—one at 19 weeks of gestation the other at 21 
weeks. In one case, the black mother had been given pills to 
assist. the. pregnancy in Jamaica during the first trimester. 
Tetraphocomelia was diagnosed at ultrasonography. In the 
other case no predisposing factors were identified. 
Ultrasonographic diagnosis of isolated phocomelia was made. 
In both cases therapeutic abortions were performed. 
Post-mortem examination confirmed the ultrasonographic 
findings. Chromosomal analysis was normal in both cases. The 
ultrasound scans, post-mortem photographs and radiographs 
of fetuses as well as a brief review of the literature of this 
seldomly found condition will be presented. 


Hands, knees and bumps-a-daisy 

L. O'Connor and F. Bottomley 

The Hillingdon Hospital, Pield Heath Road, Uxbridge, 
Middlesex UES 3NN 


Recent review of fetal abnormalities in our department has 
revealed the contribution that detailed examination of fetal 
limbs and extremities can make to the detection of fetal abnor- 
mality in ultrasound screening programmes. This poster details 
with examples the features that we suggest are important in the 
assessment of fetal limbs. Criteria considered are: (1) mobility 
of limbs; (2) position of limbs; (3) presence and length of long 
bones and extremities; (4) shape of long bones and extremities; 
(5) flexibility of joints; (6)architecture of joints; 
(7) relationship of joints; and (8) associated anatomical 
abnormalities. 


Reproducibility of ultrasonic measurements of fetal 
growth 

T. C. Chang. S. C. Robson,*S. Gallivan and J. A. D. 
Spencer 

Department of Obstetrics and Gynaecology, University College 
Hospital, Chenies Mew, London WCE 6H X, and * Department 
of Statistical Sciences, University College London 


Meaningful interpretation of fetal growth necessitates know- 
ledge of the variability of ultrasonic measurements. The aim of 
the present study was to reassess the reproducibility of ultra- 
sonic morphometric measurements and estimated fetal weight 
(EFW) in trimester fetuses. Three measurements of biparietal 
diameter (BPD), head circumference (HC), abdominal circum- 
ference (AC), and femur length (FL) were performed by two 
observers in 40 fetuses (mean gestation 34.5 (sp 3.3) weeks). 
Observers were blinded to their own measurements and those 
of the other observers. EFW was also calculated for each set of 
measurements using the formula of Warsof et al (BPD, AC) 
and Hadlock et al (BPD, HC. AC, FL). Variability was 
assessed using analysis of variance. The mean absolute and 
percentage differences together with 95% prediction intervals 
(PI) for inter-observer comparisons were also calculated. 
Results: For all measurements, with the exception of FL, the 
inter-observer variance was greater than the residual (intra- 
observer) variance F ratios; BPD 15.5 (p « 0.001), HC 6.7 
(p « 0.01), AC 6.85 (p « 0.01), FL 0.56, EFW (Warsof) 19.1 
(p « 0.001), EFW (Hadlock) 15.4 (p « 0.001). Other results are 
shown below: 
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Measurement — 95 difference Absolute difference 
Mean 95% PI Mean 95% PI 

BPD (cm) —0.67 4.74, 338  —0.6 4]. 2.9 

HC (cm) —0.50 —4.33, 3.32 —16 —13.2, 10. 

AC (cm) —0.54 ~543,434 ~19 ~—16.8, 13.0 

FL (cm) —0.14  —4.61, 4.32 —0.1 —29, 2.8 

EFW (cm) —0.98  —7.78, 5.82 —23.7  —187.3, 139.8 
—0.69  —6.29, 4491 — 17.8  —159,9, 124.3 


Conclusion: With the exception of FL measurements, intra- 
observer variability is small compared with inter-observer vari- 
ability. These estimates of variability can contribute to ultra- 
sonic assessment of fetal growth. 


Comparison of different ultrasound parameters in the 
prediction of small for gestational age (SGA) infants 

T. C. Chang, S. C. Robson, J. A. D. S. Spencer and R. 
Boys* 

Department of Obstetrics and Gynaecology, University College 
Hospital, Chernies Mews, London WCIE 6HX, and 

* Department of Statistics, Newcastle University 


Many different ultrasonic parameters have been used to predict 
birthweight below the lOth percentile (SGA). Results have 
invariably been presented as sensitivity and positive predictive 
value; the latter being highly prevalence dependent. No 
previous reports have attempted to present summary statistics 
for each ultrasound variable for comparison. We have reviewed 
the literature from the past 15 years (72 studies) regarding the 
ultrasonic prediction of SGA. Studies were included if: (a) the 
reported population was high risk; (b) the outcome measure 
was a birthweight < 10th centile (using appropriate popula- 
tion charts); and (c) the necessary information to construct a 
2 x 2 table was reported. Only ultrasound variables reported in 
at least two different studies were included. For each variable a 
pooled sensitivity and common odds ratio with 95% confi- 
dence intervals is reported. The results are given in the table, 
Conclusion: In a high-risk population, AC has the highest 
sensitivity and EFW the highest common odds ratio for the 
prediction of SGA. Comparable data for low-risk populations 
and for the prediction of neonatal ponderal index will also be 
presented. 


Ultrasound Sensitivity Common 95% confidence 
parameter odds ratio — interval 
BPD < 10th 

centile 63.7 5.83 (3.62-9.37) 
HC/AC »95th 47.6 3.34 (1.55--7.99) 
FL/AC > 23 49.1 2.82 (1.71—4.66) 
EFW < {0th 77.9 39.0 (28.9 ~52.7) 
AC > 10th 84.4 18.38 (9.83-34.33) 
Grade H 61.7 3.0 (1.7 —- 8.25) 

placenta 
BPD = biparietal diameter; HC = head circumference; 
AC = abdominal circumference; FL = femur length: 
EFW = estimated fetal weight. 
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Last menstrual period or ultrasound as a baseline for 
fetal growth assessment? ‘New look’ growth curves avoid 
the dilemma 

N. J. Dudley 

Department af Medical Physics and Computing, County 
Hospital, Sewell Road, Lincoln LN2 5QY 


Practice for the plotting of ultrasound fetal growth varies 
between centres, There is evidence to suggest that ultrasound 
dating of pregnancy is more accurate than a reliable menstrual 
history and vet the last menstrual period (LMP) is stil! used as 
a baseline for ultrasound growth. A common practice is to use 
the LMP if ultrasound agrees to within ten days, or the 
ultrasound measurements if there is disagreement. There are 
pitfalls with this approach since there is a spread of possible 
conception dates with either dating method, e.g. the fifth 
percentile fetus placed on the 50th centile at dating and thus 
falling well within the normal range in the third trimester. This 
paper proposes a different approach which allows reliable 
plotting of fetal growth measurements without compromising 
the clinician's freedom to allocate an estimated date of delivery. 
The proposed chart superimposes all centiles of fetal size at the 
time of the dating ultrasound at 16-20 weeks. This results in a 
single line which diverges from about 20 weeks into the 10th, 
Sth and 90th centiles. The normal range is narrower than 
those currently used as the baseline is more precisely defined. 
The x-axis of the chart is divided into weeks but is initially 
unlabelled. The dating measurements are plotted on the single 
line at the corresponding figure on the y-axis. The x-axis is then 
labelled with the number of weeks corresponding to ultrasound 
or LMP as clinically appropriate. For subsequent measure- 
ments the number of weeks elapsed since the dating scan must 
be added to this figure. The major advantage of this method is 
that the baseline ultrasound measurement is always placed on 
the correct centile. Examples of how the ‘new look’ curves 
overcome the pitfalls of current methods will be shown. 
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weeks in this series. We believe that the growth rate of triplet 
fetuses is different to those of singleton fetuses and that the 
most important parameter as an indicator of fetal wellbeing is 
the abdominal circumference. We believe that this is the largest 
published series of ultrasound measurements to date. 


Longitudinal assessment of amniotic fluid index 
C. Nwosu and S. Walkinshaw 
Department of Obstetrics, Mill Road Maternity Hospital 


The assessment of amniotic fluid volume is a key measurement 
in many areas of fetal surveillance. However, there remains 
discussion on the optimal measure of fluid volume. Maximum 
vertical pool depth (1, 2, or 3 cm limits) and subjective evalua- 
tion are most commonly used. Recently the use of four quad- 
rant summation of pool depth (the amniotic fluid index) has 
been proposed as giving a better overall impression of total 
fluid volume. Cross-sectional data are available but we have 
derived a normal range from the longitudinal study of 100 
women from 20 to 42 weeks. 50 women underwent four weekly 
ultrasound examinations at 20, 24, 28, 32, 36 and 40 weeks, and 
50 women examination at 22, 26, 30, 34, 38 and 42 weeks. 
Maximal vertical pool depths, free of umbilical cord or fetal 
limbs, were recorded from each quadrant of the uterus, keeping 
the transducer parallel to the patient's sagittal plane. The 
examination is carried out in the supine position, the uterus 
being divided at each examination into four equal sections. The 
amniotic fluid index is the summation of the four values. The 
results are shown below. The data shows rising AFI to 26 
weeks gestation, after which levels are constant until 34 weeks, 
after which the AFI declines. These data will be compared with 
cross-sectional data and the lower limits defining oligohydram- 
nios discussed (SEE TABLE). 





Gestational age (weeks) 20 22 24 


Ammiotic fluid index (API) (median) 


14.2 18.7 18.6 
Maximum vertical pool 4.8 5.6 5.5 


26 28 30 32 34 36 38 
19.7 20.0 20.1 21.0 21.0 19.9 17.8 
6.1 6.3 6.0 6.3 6.5 6.3 6.7 





Ultrasonographic growth measurements in triplet 
pregnancies 

*S. Fountain, TM. Elder, *S. Bishop and TR. Winston 

* Rosie Maternity Hospital, Robinson Way, Cambridge 
CR? 25W, and * Institute of Obstetrics and Gynaecology, 
Hammersmith Hospital, Du Cane Road, London W12 OHS 


Ultrasonographic measurements of biparietal diameter (BPD), 
head circumference (HC), abdominal circumference (AC), 
femur length (FL) and liquor volume were obtained from 27 
triplet. and three quadruplet pregnancies managed at the 
Institute of Obstetrics and Gynaecology, Hammersmith 
Hospital and the Rosie Maternity Hospital. These were 
compared with the standard singleton growth charts used in 
the two units. Results show that the BPD measurements do not 
deviate from those of singletons before 33 weeks gestation. The 
HC measurements show a fal) through the normal centiles but 
this is probably not significant. The AC measurements fall 
progressively from the 50th centile from 25 weeks gestation. 
The FL measurements follow those of the normal singleton 
fetus but unfortunately there are no measurements beyond 29 
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The accuracy of the ultrasonic diagnosis of hypertrophic 
pyloric stenosis by paediatric radiographers: an analysis 
B, E. Kelly, J. McKinstrey and P. S. Thomas 

Department of Radiology, The Royal Belfast Hospital for Sick 
Children, Grosvenor Road, Belfast 12 


This study analyses the accuracy of pvloric measurement by 
radiographers over an 18 month period at the Royal Belfast 
Hospital for Sick Children. 50 patients (35 bovs and 15 girls) in 
whom the diagnosis of hypertrophic pyloric stenosis (HPS) was 
suspected clinically were referred for ultrasound scanning. HPS 
was diagnosed if the length of the pyloric channel was greater 
than 15 mm, and the thickness of the circular pyloric muscle 
was greater than 3 mm. If both parameters were below these 
values, the pylorus was considered normal. Elevation of only 
one parameter was not considered sufficient to make a definite 
diagnosis. Of this group of 50 patients, 24 were diagnosed 
ultrasonically as having HPS. All were confirmed surgically 
and corrective procedure performed in all cases. 16 patients 
were correctly diagnosed ultrasonically as not having HPS. Six 
patients were incorrectly diagnosed ultrasonically as having 
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HPS. All proved normal. None of these underwent surgery. Of 
these six patients statistical analysis of their parameter 
measurements confirmed them to be within the normal distri- 
bution for HPS diagnosis. In the remaining four cases, all had 
normal transverse muscle thickness but elongated channel 
length. None proved to have HPS. We concluded that in 40 of 
our 50 patients the correct diagnosis was made. When the 
ultrasound refuted the diagnosis of HPS, complete correlation 
with clinical findings occurred. No cases of HPS were missed. 
However, six false positive presumptive diagnoses were 
obtained ultrasonically and this underlines the case for con- 
firmatory investigations if there is any doubt clinically of the 
diagnosis of HPS in association with a positive ultrasound 
scan. 


Ultrasound of the infant hip. A review of two years' 
experience at Queen Mary's Hospital for Children 
N. Joshi, V. Cook and S. Pablot 

Department of Radiology, Queen Mary's Hospital for 
Children, Carshalton, Surrey 


Ultrasound is a simple, non-invasive, accurate method of 
assessing the infant hip and has been shown to be of value in 
CDH and the management of the irritable hip. We describe the 
techniques involved, diagnostic criteria and role of ultrasound 
in the detection of paediatric hip abnormalities. 340 infants 
from an at risk population underwent hip arthrosonography, 
The symmetry and configuration of the hip joints were classi- 
fied according to Graf Type I, Type HA and HB, Type IIIA 
and HIB, Type D and Type IV. All eccentric or unstable hips 
were assessed by an experienced paediatric orthopaedic 
surgeon. The results of clinical and ultrasound follow up of 
these patients will be discussed. 100 children with an irritable 
hip also underwent arthrosonography of both hips. The patho- 
logies encountered included assumed transient synovitis, 
Perthe's disease, septic arthritis, clipped epiphysis, osteo- 
myelitis and trauma. The ultrasound features and role of 
ultrasound in the management of these patients will be 
described. 


Periportal cuffing—a sign of infectious mononucleosis 
on ultrasound of the liver 

P. Guest and A. E. A. Joseph 

Department of Diagnostic Radiology, St George's Hospital, 
Blackshaw Road, London SW17 0QT 


It is rarely necessary to perform ultrasound scans on patients 
with infectious mononucleosis as the diagnosis is usually 
possible on clinical grounds with the aid of serological tests. On 
occasion the diagnosis is less clear and scans are requested to 
investigate deranged liver function, jaundice of splenomegaly, 
Recognized features on ultrasound of infectious mononucleosis 
include splenomegaly or thickening of the gallbladder wall, We 
have observed a striking additional finding on ultrasound in 
four patients with serologically proved infectious mononucleo- 
sis. In these patients we noted increased echoes around the 
main portal vein and its branches, which we describe as peri- 
portal cuffing, giving an impression of thickening of the portal 
vein walls. These patients were not submitted to liver biopsy, 
since the diagnosis was confirmed serologically. Nevertheless, 
the ultrasound appearance has a well-established pathological 
correlate. Periportal lymphocytic infiltration is the main histo- 
logical finding in liver biopsy specimens in infectious mononuc- 
leosis, particularly at 10—30 days from the onset of infection. 
This pathological process would explain the changes seen on 
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ultrasound. In one of our patients, follow up scans showed à 
reduction in the periportal cuffing, as the patient improved 
clincially, further confirming the validity of this observation. 
Similar periportal cuffing has also been observed in lymphoma 
and cholangitis. Nevertheless, identification of this sign on 
ultrasound, particularly in conjunction with splenomegaly or 
thickening of the gallbladder wall may suggest the correct 
diagnosis of infectious mononucleosis enabling simple serolo- 
gical confirmation. 


The thread and streak sign of portal vein tumour 
thrombus demonstrated by colour Doppler imaging 
K. M. McBride and J. Masterson 

Department of Radiology, St Vincent's Hospital, Dublin, 
Ireland 


The angiographic, computed tomographic (CT) and real-time 
ultrasound demonstration of portal vein invasion and tumour 
thrombus is well documented, particularly in association with 
hepatocellular carcinoma. In this presentation, we describe an 
unusual case of portal vein tumour thrombus first suspected by 
colour Doppler imaging (CDI). There have been no previously 
documented cases using this modality. A 73-year-oid man 
presented recently with a four month history of back pain, 
anorexia, weight loss and dyspnoea. He had a previous history 
of left pneumonectomy for squamous cell carcinoma of bron- 
chus 12 years previously, and a more recent history of drainage 
of left empyema 9 months earlier. On examination he had 
hepatomegaly, finger clubbing and ankle oedema. Chest radio- 
graphy showed signs of previous surgery, but no suspicion of 
malignant recurrence. Real-time abdominal ultrasound 
revealed multiple large masses within the liver and an echo- 
genic irregular mass within the portal vein. The portal venous 
flow was hepatopetal, but turbulent. CDI displayed turbulent 
flow elegantly within and around the mass. Biopsy of the liver 
masses proved to be poorly differentiated squamous cell carci- 
noma consistent with multiple metastases from a presumptive 
chest recurrence. Portal venous phase angiography and CT 
portography confirmed the thread and streak appearance seen 
at CDI. CDI can demonstrate portal vein involvement in 
patients with liver tumours and in this case better than by 
conventional invasive techniques. If the thread and streak sign 
is seen, it is more likely to be tumour than thrombosis. 


Epithelioid haemangio-endothelioma of liver. A rare 
tumour, easily mistaken for metastatic carcinoma on 
sonography 

B. Banerjee, A. Rennison and M. Cooper-Wilson 
Tameside General Hospital, Ashton-under- Lyme, Lancashire 
OL6 9RW 


Epithelioid haemangio-endothelioma is an unusual and rare 
neoplasm of soft tissue of vascular origin which can often affect 
the liver. Although there have been sporadic reports of this 
tumour in the past, the term "epithelioid haemangio-endothe- 
lioma" was first suggested by Weiss and Enziger in 1982. In 
liver, the tumour is multicentric in origin involving both lobes. 
Microscopically, the neoplastic cells are vasoformative and 
synthesize factor VIII-related antigen which can be identified 
by special tissue staining and used as an aid to diagnosis. The 
tumour pursues a relatively benign course and long-time sur- 
vivals without treatment have been recorded. When metastasis 
is exluded, treatment by hepatectomy and hepatic transplant is 
considered to be curative. A case report of a 29-year-old female 
suffering from epithelioid haemangio-endothelioma of the liver 
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is presented. The ultrasonic appearances are illustrated and 
difficulty in distinguishing this tumour from hepatic metastasis 
is emphasized. The aim of this presentation is to increase 
awareness of this relatively benign tumour. Every attempt 
should be made to distinguish this tumour from metastasis so 
that correct advice relating to prognosis and treatment can be 
rendered. It also highlights the importance of searching for a 
primary source when metastatic liver disease is suspected. 


Sonographic demonstration of a leaking hydatid cyst of 
the liver, causing atypical appearance of a cyst with an 
internal membrane 

B. Baneriee, A. Rennison and *Q. M. Haque 

Department of Radiology, Tameside General Hospital, 
Ashton-under- Lyme, Lancashire OL6 9RW, and *Ormskirk 
and District General Hospitali, Wigan Road, Ormskirk, 
Lancashire L39 2AZ 


Sonographic apppearances of hydatid disease of the liver are 
varied. A single large cyst containing multiple small daughter 
cysts is a classical presentation. However, a solitary cystic 
structure, indistinguishable from a simple liver cyst may be 
encountered. One of the less common forms of presentation 1s a 
cyst with a membrane-like structure beneath its wall. Rupture 
of the cyst is a well-documented complication of hydatid 
disease of the liver. The cyst may rupture into the peritoneal 
cavity, alimentary canal, biliary channels or pleural cavity. 
However, leakage of cyst fluid may take place between the cyst 
membrane and the compressed liver tissue and this is presumed 
to be the cause of “a cyst with a membrane-like structure 
beneath its wall”--as described in the literature. To illustrate 
this, a case is presented where, during sonography for 
suspected gallbladder disease in a 42-year-old woman, a cyst 
was detected in the right lobe of the liver. It was diagnosed as a 
simple liver cyst and was considered clinically insignificant. 
Several days later the patient was admitted to the hospital with 
acute right upper quadrant abdominal pain with a provisional 
diagnosis of cholecystitis. A second sonography on admission 
revealed that the solitary cyst had partially collapsed with 
collection of fluid between the cyst membrane and the 
compressed liver tissue. Diagnosis of hydatid disease of the 
liver was entertained and confirmed by specific complement 
fixation test. This case demonstrates the mechanism behind this 
atypical appearance of hydatid cyst and also highlights that 
solitary cysts of the liver do not necessarily represent simple 
hver cysts. 


Endoscopic ultrasound of the common bile duct 

S. Campbell and B. J. Rathbone 

Departmenis of Radiology and Gastroenterology, Leicester 
Reval infirmary, Infirmary Close, Leicester LET SWW 


The recent development of laparoscopic cholecystectomy has 
presented radiologists with the problem of visualizing the entire 
common bile duct. Transabdominal ultrasound cannot visual- 
ize ali common bile duct stones. Increasingly, surgeons are 
requesting intravenous cholangiography, but this procedure 
has a mortality rate of | in 5000 and may be diagnostically 
inaccurate in up to 40% of cases. ERCP to examine the 
common bile duct requires the use of an X-ray screening room 
and radiographers time, in addition to radiation exposure to 
the patient and the small risk of pancreatitis. In a preliminary 
study to investigate the use of endoscopic ultrasound in 
assessing the common bile duct, we show good correlation of 
this technique with ERCP and transabdominal ultrasound. 
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Examples of normal anatomy and abnormal studies are shown. 
We conclude that endoscopic ultrasound is a useful technique 
and, by using this more in the future, we may be able to avoid 
the more hazardous and time-consuming methods of investi- 
gation mentioned previously. 


Ultrasonography of the eye in domestic animals 

C. Paterson, *J. S. Boyd and tJ. R. B. Mould 

Departments of * Veterinary Anatomy and t Surgery, University 
of Glasgow Veterinary School, Bearsden Road, Glasgow 


Real-time B-mode diagnostic ultrasound is becoming a more 
extensively used tool in the clinical examination of the eye in 
domestic animals. This imaging modality permits interrogation 
of the chambers of the eyeball and of the retrobulbar space in a 
non-invasive fashion. This is of particular use where opacity of 
the cornea or lens or intrabulbar haemorrhage has occurred, 
preventing direct opthalmoscopic examination. The animals 
are conscious with only the occasional subject requiring seda- 
tion and the transducer is applied directly to the corneal 
surface. The scanners used in this series are the Interspec XL 
and Interspec Apogee, equipped with a 7.5 MHz transducer 
with a built-in stand off. Images are recorded on VHS tape and 
on a thermal copier. The purpose of the work is to demonstrate 
the technique of ultrasonography of the eye in various species 
and to illustrate the findings in a number of pathological 
conditions. These include cataract, lens dislocation. detached 
retina intrabulbar tumours and haemorrhage and retrobulbar 
space occupying lesions. The scan images are matched to 
photographs of the eyes as they are presented clinically and at 
post mortem, where there was sacrifice. of the eye. By 
displaying the clinical signs and the gross and the sectional 
pathology alongside each other, it is easier to interpret the 
ultrasound scan images of the various conditions. 


Anal endosonography: technique and normal anatomy 
M. B. Nielsen, J. F. Pedersen, C. Hauge, O. Rasmussen and 
J. Christiansen | 
Department of Radiology and Ultrasound, and Department of 
Surgery D, University of Copenhagen, Glostrup Hospital, 
DK-2600 Glastrup, Denmark 


This study describes the endosonography appearance of the 
anal canal and the ano-rectal junction using multiplanar 
imaging. Anal endosonography was performed in 14 normal 
female volunteers, in five of them during EMG registration, 
and in three patients following lateral internal sphincterotomy. 
The technique and normal anatomy is described using trans- 
verse and longitudinal imaging. In transverse images the 
internal anal sphincter is a 2-3 mm circular echo-poor band 
which in longitudinal images can be traced to the muscularis 
propria layer of the rectal wall. The endosonographic appear- 
ance of the external sphincter, which is a broad echogenic 
band, depends on the level in the anal canal. Proximally the 
relation to the puborectalis muscle and the levator ani muscle 
can be visualized. Furthermore the thickness of the internal 
sphincter, and the thickness, length and cross-sectional area of 
the external sphincter was measured in 30 volunteers: 10 men, 
10 women with no childbirths and 10 women with 1—3 child- 
births. There were no significant difference between the size of 
the anal sphincters in these groups. 
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A non-invasive alternative to angiography in the 
assessment of the superficial femoral and popliteal 
artery for angioplasty 

A. H. Davies, T. Magee, D. Jones, S. E. A. Cole, J. K. 
Hawyard, R. Parry, P. Murphy. R. N. Baird and M. 
Horrocks 

Departments of Vascular Studies & Radiology, Bristol Royal 
Infirmary, Bristol 


Patients who have symptoms of claudication which may be 
amenable to angioplasty need currently to undergo arterio- 
graphy. The suitability of a lesion for dilatation depends on its 
morphology and the distal run-off. Non-invasive assessment of 
the lower limb vasculature may avoid unnecessary arterio- 
graphy. Colour Duplex scanning of femoral and popliteal 
arteries was performed to establish whether the vessels were 
normal, stenosed or occluded. The pulse generated run-off 
(PGR) system was used to assess the distal vasculature; in 
particular the number of distal calf vessels in continuity. with 
the popliteal artery. In 50 lower limbs Duplex gave the 
following results compared to angiographv. PGR and arterio- 
graphy evaluation of run-off agreed in 41 limbs, however in 
nine (1875), PGR demonstrated better run-off than arterio- 
graphy, not an unusual finding in the presence of ischaemia. 
Al 18 limbs suitable for angioplasty were correctly identified 
and satisfactorily dilated. A combination of Duplex scanning 
and PGR offers a non-invasive alternative 1n assessing patients 
and may thereby restrict anteriography to those patients with a 
lesion suitable for angioplasty. 





Sensitivity Specificity Accuracy 
(%) (%) (%) 
Occlusion (n. = 20) 95 100 98 
Stenosis (7 = 13) 93 97 96 
Atheromatous vessel 
(n = 14) 100 100 100 
Disease free (n = 3) — 100 100 100 





Incidence of multiple aneurysms in patients presenting 
with popliteal aneurysm: is screening worthwhile? 

D. R. Jones, R. Parry, A. H. Davies, T. R. Magee, R. N. 
Baird and M. Horrocks 

Vascular Studies Unit, Bristol Royal Infirmary, Bristol 


Although the association between popliteal aneurysm and 
aneurysm at other sites is known, audit of 21 patients who had 
previously undergone surgery for popliteal aneurysm in a 6 
year period found that more than 50% of patients had not 
specifically been screened. Those who had not previously been 
investigated were recalled for bilateral femoro-popliteal Duplex 
scanning (11 patients) and aorto-iliac B-mode ultrasound (nine 
patients). Six patients (29%) were identified to have previously 
undiagnosed arterial dilatations. Common femoral artery dila- 
tation greater than 1.5 cm was identified in nine limbs with 
aneurysm formation in three. One new abdominal aortic 
aneurysm of 5 cm diameter was found on screening. No new 
iliac aneurysms or previously undiagnosed contralateral popli- 
teal aneurysms were seen. Inclusion of this data with that 
available from the computerized vascular database resulted in a 
true multiple aneurysm incidence of 57%. The mean age of 
those patients with a single popliteal aneurysm (69.6 years) was 
not significantly different from those with multiple aneurysms 
(65.8 years). 10 patients (4895) had bilateral popliteal aneur- 
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ysms, five (24%) had femoral aneurysms, bilateral in three 
cases. Three patients (14%) had aortic aneurysms. The high 
incidence of contralateral popliteal aneurysm and aneurysms at 
other sites in patients presenting with popliteal aneurysm is 
sufficient to warrant ultrasound screening of aorto-iliac and 
femoro-popliteal arteries as a matter of routine in these 
patients. 


It must be good: our tests say so! 

S. G. Metcalfe and J. A. Evans 

Depariment of Medical Physics, The General Infirmary, Leeds 
LSI 3EX 


Anecdotal evidence has suggested that the parameters normally 
measured for quality assurance purposes (e.g. resolution and 
dynamic range) may fall short of ensuring a good quality image 
as perceived by the user. A survey was conducted comparing 
the lateral resolution, slice thickness and dynamic range of 
scanners with user's perception. of scanner performance. 
Images of the liver and uterus of a single volunteer were 
obtained by one of only two operators using nine machines 
with various transducers. This gave 14 combinations, which 
were then evaluated by 43 observers from eight hospitals. 
Observers were asked to comment on the image quality in 
terms of overall performance, definition, graininess, noise and 
grey levels on a subjective 5-point scale. The machine para- 
meters were measured using standard quality assurance tech- 
niques with the Cardiff test system. An overall lateral 
resolution figure was devised. Generally, the correlations 
between the objective measures and subjective assessments 
were poor, for example, an r-value of 0.26 was obtained for the 
correlation between lateral resolution and assessed definition. 
However, there was good agreement about which was the 
poorest machine and in two out of four the best machines. One 
machine which achieved a high lateral resolution score was 
poorly rated for ‘definition’ and ‘graininess’. Another which 
scored well for dynamic range was poorly rated in almost ali 
the observer categories. It is concluded that, in clinical pratice, 
users prefer a smooth image, even if this excludes rea! spatial 
information. In addition, wider dynamic range may not neces- 
sarily be welcomed by users if it is associated with an increase 
in noise. 


Routine ultrasound quality assurance for the 
sonographer 

*J. P. Brookes and tJ. M. Pelmore 

* X-ray Department, Leicester General Hospital, and t Medical 
Physics Department, Leicester Royal Infirmary 


A method for routine quality assurance of imaging svstems is 
described for use on a weekly or monthly basis. Four para- 
meters are monitored: (1) depth of penetration; (2) uniformity; 
(3) calliper accuracy; and (4) hard copy performance. For 
monitoring the first three parameters the Gammex 821 Test 
Object, the Cardiff Resolution Test Object and the Cardiff 
Routine Test Object are all suitable. These test objects all 
contain the well established Cardiff tissue mimicking material 
and are compatible with BSI 5724 section 3.26 (June 1990). If a 
flat transducer is used ultrasound couplant gel should be used. 
For curved transducers ultrasound test solution which gives a 
velocity of 1540 m/s should be used for the baseline test. For 
subsequent tests tap water is normally satisfactory. (1) Depth 
of penetration: high and low contrast penetration should be 
measured under conditions of maximum transmitter power. 
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Q3 Uniformity: the previous image should be examined for 
transverse and axial non-uniformity. (3) Calliper accuracy: the 
gain should be reduced so that the images of the wires are small 
to facilitate accurate positioning of the cursor. (4) Hard copy 
performance: initially, the hard copy system should be set up 
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on a clinical image containing the full range of grey levels. For 
subsequent tests a clinical image or other tests can be used. 
Hlustrations of normal and abnormal images are given. Record 
keeping is discussed. 
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Abstract. The use of ultrasound in osteomyelitis has been studied in 25 patients clinically suspected of osteomyelitis. A 


sonographic diagnosis of osteomyelitis was made if fluid was 


present in direct contact with the bone, without intervening soft 


tissues. This was thought to represent an inflammatory exudate dissecting in a subperiosteal and/or extraperiosteal location. 
Ultrasonographically 15 patients were found to have osteomyelitis, proved either by surgical drainage or needle aspiration. Seven 
patients had soft-tissue abscesses, one had cellulitis and two patients had no abnormality. 


Osteomyelitis is usually a blood-borne infection, though 
rarely may be due to direct extension, caused by 
pyogenic organisms settling in cancellous bone. Serious 
and chronic complications may follow. Establishing an 
early diagnosis is important. The clinical diagnosis of 
osteomyelitis is difficult, especially in the early stages of 
the disease. A multimodality approach is often needed 
to establish the diagnosis (Abiri et al, 1989). A good 
clinical and pathological evaluation, plain radiographs 
and bone and gallium scintigraphy are commonly used 
for detection of osteomyelitis. Magnetic resonance 
imaging (MRI) has also proved a sensitive technique for 
the diagnosis of osteomyelitis. In general, osseous struc- 
tures are not well imaged with sonography because of 
their intrinsic physical properties. To evaluate the use of 
ultrasound in osteomyelitis, we performed ultrasono- 
graphy of 25 patients clinically suspected of having 
osteomyelitis. 


Materials and methods 

Sonography was performed in 25 patients presenting 
with pain and swelling of the affected limb. Patients 
were referred from the emergency room, orthopaedic 
clinic or as inpatients. They ranged in age from 2 to 45 
years (Tables I, II). 

All patients underwent a thorough clinical evaluation, 
chest radiographs, plain radiographs of the affected area 
and sonography of both the affected and opposite 
normal area for comparison. Toshiba Ultrasound 
Diagnostic equipment Model SSA-90A was used. 
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Sonograms were obtained with 7.5 MHz phased linear 
array transducers. The sonographic criterion for the 
diagnosis of osteomyelitis was an abnormal collection of 
fluid adjacent to the bone without intervening soft 
tissues (Figs 1, 2). The criterion for soft-tissue abscess 
or pyomyositis was demonstration of an abscess in soft 
tissues or muscle planes, with no evidence of fluid in 
contact with the bone (Fig. 3). All patients with a fluid 
collection, either in soft tissues or adjacent to the bone, 
underwent needle aspiration or surgical drainage. The 
fluid obtained was sent for culture and sensitivity. 
Follow-up sonograms and plain radiographs were 
carried out until healing was complete. 


Results 

15 of the 25 patients were thought to have osteo- 
myelitis. Eight of these had both abnormal plain radio- 
graphs and fluid adjacent to the bone on ultrasound 
(Figs 1, 2). In seven patients the initial plain radiograph 
was normal, and fluid was present adjacent to the bone 
on ultrasound (Table I). In all 15 patients fluid was 
removed from the affected area and sent for microbio- 
logical culture, 10 by a surgical procedure and five by 
needle aspiration (Table I). In all cases the fluid was 
found to be infected with coagulase positive 
Staphylococus aureus and appropriate antibiotic treat- 
ment was prescribed. When on conservative manage- 
ment the progress of the disease was assessed by 
repeated ultrasound scans and radiographs until healing 
was complete, 

The typical plain radiographic findings of osteo- 
myelitis were periosteal reaction or periosteal reaction 
plus bone erosion. The typical ultrasonographic finding 
of fluid adjacent to the bone was an anechoic area 
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Figure 1. Longitudinal sonogram demonstrating osteomyelitis 
of the tibia (TI) with anechoic fluid (FL) in contact with the 
bone 


immediately adjacent to the bone with no intervening 
soft tissues (Figs 1, 2). The fact that eight of the 25 
patients had positive radiographic signs of osteomyelitis 
indicated that our patients were late in reporting their 
illness to the hospital. The shortest time lag between 
onset of symptoms and presentation to the hospital was 
! days and the longest was 3 weeks. 

10 of our 25 patients did not have either plain radio- 
graphic or ultrasonographic evidence of osteomyelitis. 
Seven of these 10 patients had soft-tissue abscesses or 
pyomyositis (Table II). The sonographic findings of 
these patients ranged from well defined anechoic to 
partially fluid collections in tissues 


echogenic soft 


Table I. Summary of 15 patients with osteomyelitis 
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Figure 2. Transverse sonogram demonstrating osteomyelitis of 
the 4th metatarsal with anechoic fluid (FL) in contact with the 
bone 


(Fig. 3) with no fluid adjacent to the bone. The diag- 
nosis in these seven patients of soft-tissue abscesses was 
confirmed either by precutaneous aspiration or surgical 
drainage (Table II). Of the remaining three patients, 
who had neither osteomyelitis nor soft-tissue abscess, 
one patient had cellulitis, treated conservatively, and 
two patients had no abnormality (Table II). These 
patients were followed by ultrasound and plain radio- 
graphy until symptom-free. 


Discussion 
As osteomyelitis, soft-tissue abscesses and cellulitis 
may have overlapping clinical signs and symptoms, 








Age Site Radiographic Initial US findings 
(years) findings of fluid in contact Proved by 
and with bone 
se Initial Follow-up Aspiration Surgery 
9 I Left femur t i + 
2M Right humerus + + + + 
IN Left fibula + H + + 
IIM Left femur E E + + 
9 I Right femur + + i 
12M Left humerus + + E i 
6 M Left femur + + t 
IM Right tibia + + + t 
l6 M Left tibia * * + + 
43M Right metatarsal + + + E 
14 I Right humerus - T E + 
45 I Right femur = - B B 
16 M Left femur - * * + 
II M Left tibia - t t T 
6F Left tibia * - + E 
—áào—ÀÁÓÁ—Á— il —— B — ————tstÍ———áá——ni-— 
Positive findings; —, negative findings; +, equivocal findings 
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Table Il. Summary of seven patients with soft-tissue abscess 








Age Site Radiographic Initia] US findings 

(years) findings of only soft- Proved by 

and tissue fluid 

sex Initial Follow-up collection Aspiration Surgery 
I7M Right thigh - . + 

45M Left thigh + + 
24M Right thigh i + 

20 F Right leg + + 
35M Right thigh + + 
25 F Right thigh + + 
20M Left leg + + 

+, positive; —, negative. 


Of the remaining three patients of our series, one had cellulitis and two had no abnormality. 


clinical diagnosis of osteomyelitis is difficult. A multi- 
modality approach consisting of good clinical evalua- 
tion, pathological investigations, plain radiographs, 
bone scintigraphy (Paterson et al, 1987) and MRI 
(Unger et al, 1988) has been used for diagnosis of both 
soft-tissue abscesses and skeletal infections. 

Abiri et al (1989) have shown that sonography of 
normal soft tissue demonstrates the muscle layers to be 
hypoechoic, with linear echogenic striations separating 
the layers. Subcutaneous tissues may appear hypoechoic 
or echoic. The cortex of the bone is a dense echogenic 
line with a smooth surface, and throws a strong acoustic 
shadow. Vascular structures can be identified by their 
characteristic pulsations. Our sonographic findings of 


normal limbs corroborate well with the findings of 


Abiri et al (1989) (Fig. 4). 

Osteomyelitis is usually a blood-borne infection, 
though rarely may be due to direct extension caused by 
pyogenic organisms. Dissemination of organisms to the 
bone initiates an acute inflammatory response, resulting 


Mog a +a P 
-— A 


Figure 3. Sonogram of a soft-tissue abscess of ihe thigh demon- 
strating an anechoic area in the muscle with no luid in contact 
with the bone (longitudinal section) 
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in ischaemia, bone liquefaction and necrosis. Resultant 
pus elevates the periosteum to form subperiosteal 
abscesses. The periosteum may be eroded, producing 
extraperiosteal fluid and abscess collection 
(Blockey, 1980). 

It has been our experience that anechoic fluid collec- 
tions are seen adjacent to the bone or within soft tissues 
only in pathogenic conditions. The relationship of the 
sonographically demonstrable fluid to the bone is an 
important factor in differentiating between osteomyelitis 
and soft-tissue abscesses. Our results indicate that a 
fluid collection contiguous with bone is highly sugges- 
tive of osteomyelitis (Fig. 1). Our findings are similar to 
those of Abiri et al (1989) and Kaplan et al (1990) who 
also demonstrated that if fluid is in direct contact with 
bone, osteomyelitis can be accurately predicted. 

A similar sonographic appearance is also seen in 
patients with septic arthritis, where fluid is also in direct 
contact with the bone (Wingstrand et al, 1987). In our 
study it was impossible to distinguish between septic 
arthritis and osteomyelitis by means of sonography 
alone. Hence, all patients with septic arthritis were 
excluded 





Figure 4. Sonogram of rormal thigh demonstrating soft tissues 
and hypoechoic muscle layers with linear echogenic striations 
and bone as a dense echogenic line with strong acoustic 
shadowing (transverse section). 
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lf intervening soft tissues could be demonstrated 
between the fluid and the bone, a non-osseous origin of 
the fluid was considered, as in seven patients of our 
series who proved to have soft-tissue abscesses (Fig. 3). 
This corroborates well with cases reported by Sarti 
(1980), Abiri et al (1989) and Kaplan et al (1990). 

The higher incidence of positive plain radiographic 
findings (Table I) in our patients at initial examination 
is due to delay in presentation. However, in seven of our 
patients we demonstrated fluid adjacent to the bone 
before changes were seen on initial radiographs 
(Table D. In osteomyelitis of the ribs, Zive et al (1985) 
sonographically demonstrated pericostal fluid in contact 
with the bone before radiographic changes. 

Although Hall et a1 (1990) showed the importance of 
diagnosing pyomyositis by computed tomography and 
bone scintiscan, in our series diagnosing soft-tissue 
abscess or pyomyositis by ultrasound and confirming by 
needle aspiration is a simple, rapid and cheap method. 

In conclusion, ultrasound is useful in: 


1. screening all patients who are clinically suspected of 
having osteomyelitis; 

2. predicting osteomyelitis if fluid is demonstrated in 
contact with the bone; 

3. differentiating osteomyelitis 
abscesses; 

4. localization. of the lesions before aspiration. or 
surgical management; and 


from soft-tissue 


ce 
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5. detecting recurrence of osteomyelitis in patients with 
chronic osteomyelitis inadequately treated. 
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Abstract. This investigation is based on measurements of 60 macerated adult European skulls from the Alexander-Ecker 
Collection at the Anatomy Department of the University of Freiburg. Computer tomographical (CT) and anatomical 
measurements were compared to assess the accuracy of the CT representation of osseous structures. Nine structures were 
examined: the optic canal; the superior orbital fissure; the foramen rotundum, the foramen ovale; the foramen spinosum, the 
foramen Vesalii (venosum); the carotid canal; the internal auditory canal, and the hypoglossal canal. The results show a good and 
even excellent correlation if the cranial opening is approximately at a right angle to the scanline. For this reason, the results of the 
coronal examination of the internal auditory canal are less satisfactory, and the coronal and axial measurements of the 


hypoglossal canal show only a moderately good correlation. 


Knowledge of the normal and variant positions of the 
canals and foramina of the skull base is important for 
radiologists, neurosurgeons and anatomists, because of 
the increasingly refined techniques available. Although 
the effectiveness of computed tomography (CT) in diag- 
nosing bony lesions is uncontested, most of the authors 
describe optimal positioning without mentioning the 
correlation between their findings and the actual anato- 
mical position of the osseous structures referred to at 
the time of writing. CT measurements of the position of 
the internal auditory porus (Heller et al, 1983), the 
internal auditory canal (Silverstein et al, 1988) and the 
foramen Vesalii (venosum) (Lanzieri et al, 1988) are 
available. Only Silverstein et al (1988), however, have 
assessed the correlation between CT measurements and 
those taken from dissections of the temporal bone. 

In the following study, anatomical and CT measure- 
ments, including length, breadth and height of optic 
canals, superior orbital fissure, foramen rotundum, 
foramen ovale, foramen spinosum, foramen Vesalii 
(venosum), carotid canal, internal auditory canal, and 
hypoglossal canal, and the distances between these 
structures, are evaluated. The extent to which anato- 
mical variations can be assessed by CT has also been 
investigated. 


Material and methods 

A total of 60 macerated adult European skulls from 
the Alexander-Ecker Collection at the Anatomy 
Department of the University of Freiburg were studied. 

For the direct anatomical measurements we used 
digital internal callipers (Mitutoyo 526-153/526-163: 
1.50—7.30-4- 0.01 mm), a digital measuring instrument 
(Mitutoyo 500-110: 0-150+0.02 mm), an anthropo- 
metric instrument (Berlis, 1990) of our own construction 
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(0—260-- 1 mm) and a tintack with a millimetre rule 
(+1 mm). 

The CT scans of the skull base were obtained using a 
Siemens Somatom DR-H. Continuous | mm sections 
were taken at angles of 10^ (axial projection) and 70" 
(coronal projection) to the radiographic baseline (RB) 
(Reid's baseline or anthropological baseline). The CT 
number range was viewed at a window width of 
4000 HE. The exposure factors were 550 mA and 
125 kV with a scan speed of 9.6s. The skulls were 
positioned in plastic on a table and the scanlines were 
defined by Topo-scan. Double measurements were 
recorded directly on the monitor using a joystick. 


Results 

Optic canal (Figs 1 & 8). Following Lang (1981), we 
divided this canal into three parts: an orbital part (an 
elongated oval on section), a middle part or "optic 
waist" (Lang & Oehmann, 1976) and an intracranial 
part. The mean angle of the axis of the canal and the 
sagittal plane (SP) was 39.1", and the RB was ~— 15.5". 
This means that the coronal sections met the canal at an 
angle of 85.5". 

Several variants show asymmetry in the shape of the 
canal. The so-called keyhole anomaly (Fig. 1) is a result 
of the absence of the floor at the cranial opening (Potter 
& Trokel, 1971). This anomaly appears in 3.394 of our 
material. Another variant is the figure-of-eight optic 
canal, with a separate canal for the ophthalmic artery 
produced by a spicule of bone uniting the roots of the 
lesser wing of the sphenoid. This appeared as a dupli- 
cate cranial opening with lengths of 3.0, 2.5 or 1.6 mm 
and a thickness of 1.4, 1.7 or 1.5mm. The lumen 
measured 2.11 x 1.55, 1.76 x 1.00 or 2.50 x 2.00 mm, and 
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Figure |. Corona 
12/351. A separate 


projection of the optic canal of the skull 
passage for the ophthalmic artery appears 


both sides of the skull. | = Right optic canal—1t appears to 
be a “keyho inomaly, but its “tigure-of-eight™ character can 
De seen al a per level; 2 left optic canal of “keyhole” type 
í | im J | 


iad an incidence of 2.5% (individual measurements in 
lable 1) 
Superior The superior orbital fissure 
was explored in coronal projection and could be seen in 
(individual measurements in Table II) 
[hec foramen rotundum ts, in spite 
| short oval canal in the antero-medial 
greater sphenoidal wing. According to 
Lang (1981), the axis lies at a mean angle of —14 to the 
RB and at 15° to the SP. Consequently, the canal 
appears in coronal section at an angle of 84^ (individual 


measurements in Table HH) 


(Hf hital 'INNHFIL 
Is entirets 

Foramen rotundum 
ol wus name. 


portion of the 


Foramen ovale (Fig. 2). According to Honda et al 
(1987), the optimal CT plane lies between 0° and 20° to 
the RB and the foramen can be seen using CT on axial 
projection. We found the shape of the foramen ovale to 
be truly oval (56.7%), an elongated oval (31.7%) or 
semicircular (11.7%). In our material we found two 
variations in shape. In 12.5% of cases the foramen was 
bony spicule and in one case 
(individual measurements in 


partially divided by a thi 
(0.895) it was duplicated 
Table IV) 

Foramen 


(Fig. 2). Honda et al (1987) 
describe the axial projection as a good position for CT 


iDInO Sum 


examination of this foramen. We found that in 0.8% of 


cases the foramen spinosum was absent and the foramen 
ovale was of normal size and shape (individual measure- 
[able V) 


Foramen V esali (or 


ments in 
(Fig. 2). This foramen 
transmits a small vein connecting the cavernous sinus 
with the pterygoid venous plexus. According to Lang 


(1981), the foramen Vesalii is located in the greater 


venosum 
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Figure 2. Axial projection of the skull base. | 
between foramina ovalia; 2 


Measuring line 
measuring line between foramina 
carotid canal; 4 — pharyngotympanic tube; 5 

inferior. orbital 
foramen Vesalu and 9 


spinosa; 3 
external 
middle cranial fossa; 5 


fissure: T = 
mandibular 


auditory meatus: 6 


lossa 


sphenoidal wing posterior to the foramen rotundum. In 
most cases it is postero-medial, and in a lew cases 
postero-lateral, to the foramen rotundum. In 25% of 
cases we found the foramen on the right side, in 35% on 
the left side, bilaterally in 15% and completely absent in 
64%. The foramen Vesalii was examined in axial projec- 
tion (individual measurements in Table VI). 

Carotid canal (Figs 2 & 3). Following Teufel (1964), 





Figure 3. Coronal projection of the carotid canal showing the 
extracranial aperture and the ascending petrous portion, with 


the petrous curvature. | = Breadth at the petrous curvature; 
2 — height at the petrous curvature and 3 — mastoid part of 


facial L anal 
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Direct and CT measurements of the skull base 


Table 1. Measurements of the optic canal (n = 120) 





Orbital part 


Transverse diameter CT 70" 
Skuil 
Vertical diameter CT/70" 
Skull 
Distance of lateral margins CT 70" 
Skull 
Distance of medial margins CT/70 
Skull 
Optic waist 
Transverse diameter CT 70° 
Skull 
Vertical diameter CT 70" 
Skull 
Intracranial part 
Transverse diameter CT 70° 
Skull 
Vertical diameter CT 70° 
Skull 
Distance of lateral margins CT/70° 
Skull 
Distance of medial margins CT/70° 
Skull 


Mean (mm) Range (mm) Standard y? 
deviation 
(SD) (mm) 
5.66 4-10 1.10 TN 
S 
4.75 3.40-5.69 0.54 "e 
5.01 7 0.95 ] 
mee 0.53 
5.46 3.89-7.28 0.54 
32.83 27-40 2.76 m 
33.13 27.96-40.86 237 A 
20.95 15-30 2.99 i 
6.43 4-9 1.08 "T 
4.39 3.21-5.47 0.48 "m 
5.01 337 0.68 " 
4.69 3.04-6.35 0.58 a 
7.64 5-11 L1 - 
6.25 4.21-8.49 0.90 eis 
3.63 3-9 0.55 on 
3.70 2.60-5.53 0.60 WE 
27.97 24-33 2.34 qus 
25.15 19.83-30.87 2.5] HS 
12.93 8-19 2.54 
14.12 9.35-22.26 236 vn 





we divided the carotid canal into an ascending petrous 
portion (with the petrous curvature) (Fig. 3), a trans- 
verse petrous portion and an ascending cavernous 
portion. According to Lang et al (1983), the ascending 
petrous portion encounters the RB at an angle of 80.9° 
and can therefore be seen in the coronal projection. The 
horizontal or transverse portion can be seen in the axial 
projections (individual measurements in Table VII). 
Internal auditory canal (Figs 4 & 5). The axis of the 
canal lies at an angle of 90°+6° to the SP (Hassmann, 


Table II. Measurements of the superior orbital fissure (n = 120) 


1975). Because of this "right angle", and because of the 
frontal orientation of its course in the petrous bone, the 
canal is best seen in coronal projection (Koster, 1988). 
The canal, which appears in axial (CT/10°) and coronal 
(CT/70^) scans, begins at the porus as an oval expanded 
orifice in the petrous portion of the temporal bone and 
ends with the falciform crest at the fundus. 

The height of the porus, the canal and the fundus, 
and the length and the distances between the superior 
and inferior margins on the two sides, can be seen in 








Mean (mm) Range (mm) SD (mm) r 

Length CT/70 20.05 13-25 2.72 0.56 
Skull 20.05 12.21-25.29 2.61 l 

Distance of lateral margins CT/70 56.53 46-72 4.65 0.90 
Skull 56.41 45.04-66.57 4.42 ' 

Distance of medial margins CT/70 33.00 27-4] 3.34 0.95 

Skull 32.81 27.61-40.01 3.29 M 

Shortest distance CT/70 28.20 23-36 2.78 0.93 

Skull 28.18 22.89-36.85 3.08 Ea 

655 


Vol. 65, No. 776 


A. Berlis, R. Putz and M. Schumacher 


Table HI. Measurements of the foramen rotundum (n = 120) 





Mean (mm) Range (mm) 


Breadth 3.11 2-5 0.78 0.69 


Skull 3.29 2.05--5, 14 0.63 


Height CT/70 3.13 2-5 0.56 0.61 
Skull 3.09 2.08-5.05 0.69 


intracranial CT/70° 33.00 27.41 3.50 


deiade Skull 31.39 26.84-41.92 3.63 0.98 





Table IV. Measurements of the foramen ovale (n = 120) 
— ————— H———— mea iia a Soa RR ROTEN DIRE 
Mean (mm) Range (mm) 
CT/10* 4.20 2-6 
Skull 3,91 2.44-6.66 0.77 


Breadth 


Length CT/10° 7.67 5-12 1.43 0.89 
Skull 7.41 4.6i1-11.29 1.31 


A CT/10° 44.47 35-59 417 
Skull 45.38 35.36-60.63 4.12 van 


RRR OREN ETRE EORTC SCT A AOE NAAN AH UNUM VALRMBLOMPUANMA RUBRA Apanan 


Table V. Measurements of the foramen spinosum (n = 119) 





Mean (mm) Range (mm) SD (mm) r 


Breadth CT/10° 1.86 1-4 0.60 
Skull 2.07 1.23-2.82 0.28 


Length CT/10° 2.42 1-4 0.71 
Skull 2.60 1.53-4.35 0.52 


Distance CT/10* 58,29 48-68 4.28 0.98 
Skull 58.42 48.85-67.61 4,15 





Table VI. Measurements of the foramen Vesalii (or venosum) (n = 36) 





Mean (mm) Range (mm) SD (mm) r 


Breadth 


CT/10* 1.04 1-2 0.13 
Skull 1.33 1.00-2.04 0.35 


Length CT/10° 1.68 1-3 0.68 
Skull 1.79 1.00-3.46 0.68 


Distance CT/10° 35.36 30-42 S72 


Skull 36.09 29.25-43.09 3.97 0.83 
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Table VII. Measurements of the carotid canal (m 120) 


| 


Axial projection 


Breadth of extracranial aperture CT 10 
Skull 
Length of extracranial aperture CT/10 
Skull 
Extracranial distance CT/10 
Skull 
Length of horizontal portion CT 10 
Skull 


Coronal projection 
Length of ascending petrous part 


Length of petrous curvature CT 70 
Breadth of petrous curvature 


coronal projection. The length and breadth of the porus, 
the canal and the fundus, and the distance between the 
anterior and posterior margins, are better seen in the 
axial projections (Fig. 4) (individual measurements in 
Table VIII). 

Hypoglossal canal (Figs 6 & 7). The axis of the canal 
meets the SP at an angle of 44.9° (Schmidt. 1975) and 
the RB at an angle of —7° (Kirdani, 1967), The canal is 
seen on both axial (CT/10°) and coronal (CT/70°) scans. 
The measurement of the height and distance between 
the inferior and superior margins can be seen on coronal 
projection. The measurement of breadth. length and 
distance between the anterior and posterior margins on 
the two sides is seen on the axial projections. We found 
that 11.6% were partially divided on the right side and 





Figure 4. Internal auditory canal including measuring lines 
between the two sides of the skull (modified from 1 ang. 1981). 
| — Length of canal; 2 — distance between superior margins; 
3 — distance between inferior margins; 4 
anterior margins; 5 = distance between posterior margins; 6 


distance between 


breadth of the porus; 7 — length of the porus; 5 
the canal; 9 = height of the canal: 10 
and |] = height of the fundus 


breadth of 
breadth of the fundus 
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Mean (mm) 


Range (mm) SD (mm) 


^ NN 1.8 1) 64 () 66 
5.69 3.66-7.05 0.35 
7.91 5-12 1.13 () 74 
7.81 4.45-12.4] 1.16 
49.88 38-62 4.9] n Q« 
S0. 58 37.82-62.37 4.77 
26.97 21-35 > $1 
: > ! E () &5 
27.90 21.67—35.5] 2.52 
11.10 7-135 1.61 (47 
9 49 6—13 1.51 


30—42 


15% on the left. A complete division into two parts was 
encountered in 16% (right) and in 10% (left). Complete 
19/5 ol 


bilateral division was found in only 3.3 
(individual measurements in Table IX) 


Cases 


Discussion 

Recent advances in CT have produced a 
need for precise information about optimal scanning 
positions for examining the morphological and metrical 
details of the foramina and canals in the base of the 
skull. This study is an attempt to compare CT examina- 


growing 





Figure 5. Coronal projection of the internal auditory canal 


- 


| — Distance between the superior margins; 2 
between the inferior margins and 3 - sigmoid sulcus 


distance 
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fable VIII. Measurements of the internal auditory canal (7 | 20) 


i LT 


Mean (mm) Range (mm) SD (mm) , 
Height of poru CT/70 &.05 S- IS 1.84 (27 
Skull 4.77 2 628.71 | 00 j 
Breadth of porus CENO R 9] 51-4 1.72 (0.65 
Skul 9 57 6.72-12.90 1 53 
Height of cana CT:;70 95 6 0.75 0 5] 
Skull 3.70 2.21 - 5.69 0. 7] 
] ol i } 3 ( O NU 
Breadth f CECT/1 R ) 0.60 
Skull 4.11 > 15 6.16 () 69 
Height of fundus CT 70) 4.31 0.92 
Breadth of fundus CT. 10 1.34 2-5 0.79 
neth i m T7 ON 9 60 
Length ol cana Cl ü |] L | 6 0.61 
Skull 11.68 8- 1.50 () 54 
CT/10 10.48 14 1.4 
Distance of superior margin: CT/70 46.05 37-59 4.67 0.82 
Skul 41.42 12.85-62.35 4.81 " 
Distance of inferior margins CT/70 46.40 $43- 55 $.29 (77 
Skull 50.48 10.08 - 59.48 $ 02 
Distance of anterior margin: CT/10 44.66 16-53 4.210.90 
Skull 44.43 16.50-53.93 4.13 
Distance of posterior margins CT 10 57,47 45-67 4.73 0.98 
Skull 57.57 45.49-66.69 4.82 
a — M — 
tion at two appropriate CT angles with direct measure- volume effect. Against this, Kóster (1988) claims that 


ments made on the macerated skull. Comparison of the the increased spatial resolution of CT has overcome this 
two methods allows the accuracy of CT to be assessed difficulty. However, because of this uncertainty, only a 
ind the best angles for viewing the skull to be deter- — few publications listing CT measurements of these fora- 
mined. According to Radü et al (1987), CT examination mina and canals have so far appeared (Heller et al, 1983; 
of small structures is made impossible by the partial Silverstein et al. 1988: Lanzieri et al. 1985). 





Figure 6. Coronal projection of the hypoglossal canal. The 
right canal is divided by a bony spicule. | = Distance between 
'! 





ic superior margins of the porus internus; 2 — height of the 
porus internus; 3 = bony spicule; 4 = cochlea and 5 = jugular Figure 7. Axial projection of the hypoglossal canal, 1, 2 shows 
fossa measuring line for the length 
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Table IX. Measurements of the hypoglossal canal (n = 120) 


Porus internus 


Mean (mm) Range (mm) SD (mm) r 
Height CT/70° 9.08 5-14 1.88 0.24 
Skull 5.4] 2.75-12.08 1.58 "n 
Breadth CTi 6.85 3-11 1.69 031 
Skull 8.00 3.97-13,39 1.74 iii 
Distance of superior margins CT;70" 24.39 20-31 2.50 0 69 
Skull 29.30 22.98-35.94 2,93 | 
Distance of inferior margins CT/70* 23:97 19-32 2.67 0.56 
Skull 27.21 18.40-33.14 3.22 Lu 
Distance of anterior margins CTO 24.63 230-32 2.43 0.76 
Skull 24.38 19.47-32.51 2.42 d 
Distance of posterior margins CT/10' 31.98 25-39 3.16 0.88 
Skull 31.93 26.01-38.08 2.70 E 
Canal 
Height CT/70* 4.50 3-7 0.84 047 
Skull 3:57 2.24-5.28 0.69 
Breadth CT/10" 4.24 2-8 1.06 0.44 
Skull 5.02 2.29-7.06 1.03 mE 
Length CTAO 7.88 4-11 1.61 061 
Skull 7.78 5-12 1.46 NUN 
Porus exturnus 
Height CT/70^ 9.08 5-15 2.04 0.22 
Skull 5.70 3.14-8.41 1.12 m 
Breadth CTO” 6.93 3-13 Lél 0.40 
Skull 8.01 3.58-13.69 1.97 l 
Distance of superior margins CT/70* 40.05 31-50 4,38 0.45 
Skull 43.14 30.08-51.22 3.71 
Distance of inferior margins CT/70* 44.57 36-54 4.04 0.64 
Skull 38.91 30.61-47.55 3.71 B 
Distance of anterior margins CT/1O* 33,50 28~39 3.74 0.90 
Skull 34.00 28.43-39.36 2.53 id 
Distance of posterior margins CT/10 44.38 36-53 3.74 0.76 
Skull 45.50 37.36-56.45 4.48 B 


a RCNA CCC CC 


There are three main sources of error. First, there ts 
no clinically acceptable plane corresponding to both 
axes of canals and foramina, and the actual position 
chosen must therefore represent a compromise. The 
problems of attaining exact representation and the 
differences between the two methods of measurement 
are illustrated by examples taken from the optical canal 
(Fig. 8). Secondly, there is a greater margin of error to 
be expected with CT (+0.5mm) than with direct 
manual measurement (+0.01 mm). Finally, there is the 
partial volume effect, which should however have rela- 
tively little significance in this study, since sections of 
i mm were used. Furthermore, it will only be operative 
if the structures are not exactly perpendicular to the 
scan. 

The coronal projection of the optic canal proved to be 
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ideal for CT examination, correlation of direct measure- 
ments with CT measurements of the vertical diameters 


. were good, but those of the transverse diameters were 


poor. This is because the direct measurement is made 
perpendicular to the course of the canal, whereas the CT 
measurement is perpendicular to the SP (Fig. 8). 

Finally, a qualitative assessment of the correlation 
between the two methods of measurement and the 
representation of the canals and foramina at each 
projection is shown in Table X. 

These results show that modern high resolution CT, 
with I] mm sections, provides precise measurements 
which differ little from the actual distances in the anato- 
mical specimen. It is to be assumed, however, that the 
canals and foramina lie perpendicular to the scanline. 

The axial projection is optimal for the foramen ovale, 
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Table X, Representation of foramina and canals of the skull base, and correlation of direct measurements of breadth, height and 
length with the corresponding values obtained using CT in coronal (707) and axial (10°) projection 


a NUUAM APUL AM QAAE NUT OPORTEAT L ENN CNEL A NN CAC 


Correlation Representation Correlation Representation 
direct and in CT/10° direct and in CT/70* 
CT/10° CT/70* 
Optic canal d dox 
ca +++! 
Superior orbital fissure dics de up 
Foramen rotundum gal dot 
Foramen ovale +++ +++ 
Foramen spinosum + + ++ 
Foramen Vesali + dep 
Carotid canal FoF dee des +++ 
Internal auditory canal + + + + + + +++ 
Hypoglossal canal E Au 4 AOE de 


reet P AAA RI a PHA M t SHE UNIUERSIS aannamen a 


"vertical diameter, 'transverse diameter. 


the foramen spinosum, the foramen Vesalii, the horizon- 
tal part of the carotid canal and the internal auditory 
canal, whereas the coronal projection is suitable for the 
optic canal, the superior orbital fissure, the foramen 
rotundum and the ascending part of the carotid canal. 

A comparison of the derived measurements of the 
coronal projection of the internal auditory canal, and 
both projections of the hypoglossal canal, with direct 
measurement is not possible because of the different 
measuring lines. Owing to the frontal orientation of its 
course in the petrous temporal bone, the internal audi- 
tory canal is best represented in coronal projection. A 
good quality picture of the hypoglossal canal can be 
obtained with coronal projection, whereas the axial 
projection has the alternative advantage of showing the 
whole extent of its course. 


y 
». CT 27.47 mm 
Anatomy 35.15 mm 


Anatomy 3.70 mm 











» CT 12.83 mm 


Anatny 14 12 mm 


CT 20.95 mm 


Lang und Roth (1584) 31.05 mm 





Anatomy 33.13 mm 
CT 32.82 mm 


Figure 8. Model of the optic canal showing measuring lines. 
Difference between the direct and CT measurement is due to 
the different directions of the measuring lines. 
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Anatomy 5.46 mm 
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cartilage with MR imaging 


By Katsuyuki Nakanishi, “Masahiro Inoue, Koushi Harada, Junpei Ikezoe, Takamichi Murakami, 
Hironobu Nakamura and Takahiro Kozuka 


Department of Radiology and ' Department of Orthopaedic Surgery, Osaka University Medical School, 
1-1-50, Fukushima, Fukushima-ku, Osaka, Japan 


i Received 19 August 1991, accepted 14 February 1992) 


Keywords: Subluxation of the patella, Patellar articular cartilage, MR imaging 


Abstract. In patients with subluxation of the patella, injury of the patellar articular cartilage is frequently observed, and correct 
evaluation of this cartilage injury is extremely important for the management of these patients. Magnetic Resonance (MR) studies 
were performed on 102 patellofemoral (PF) joints of 51 patients with subluxation of the patella and 20 PF joints of 10 healthy 
volunteers. In 77 of the 102 PF joints with subluxation, arthroscopy and/or operation were performed. MR images were obtained 
with spin-echo and FLASH sequences, and para-axial images were obtained, We retrospectively analysed the MR findings of the 
71 joints with special attention to the surface and thickness of the cartilage, and classified them into four grades. These MR grades 
were compared with the grades on arthroscopy, and the following results were obtained: MR grade 0, normal cartilage (n = 27, 
sensitivity 90.9%, specificity 74.224); MR grade 1. thickening of the cartilage (n = 24, sensitivity 5095, specificity 89.1%), MR 
grade 2, surface irregularity of the cartilage (7 = 20, sensitivity 85%, specificity 94.7%); MR grade 3, loss of the cartilage (7 = 6, 
sensitivity 100%, specificity 100%). Although the early changes observed by arthroscopy were underestimated from the MR 


images, MR imaging proved to be extremely useful for evaluating moderately or advanced patellar cartilage injury. 


Subluxation of the patella is a disorder of recurrent 
patellar pain, swelling and an unstable sensation of the 
patella, The onset of the disorder is usually at puberty. 
When patients are diagnosed as having subluxation of 
the patella, they usually have a history of giving way of 
the knees (Hughston, 1968; Merchant et al, 1974; 
Laurin et al, 1978; Aglietti et al, 1983; Install et al, 1983; 
Martinez et al, 1983; Inoue et al, 1988). It is very 
important for the treatment of subluxation of the 
patella to diagnose correctly the cartilage injury. 
However, before MR imaging, there was no method to 
visualize the patellar cartilage itself even when 
computed tomography (CT) was used. Therefore, inva- 
sive methods such as arthroscopy or CT with arthro- 
graphy were necessary to evaluate the patellar articular 
cartilage (Boven et al, 1982a,b). Because it enables 
differentiation between cortical and cancellous bone, 
and hyaline cartilage and fibrocartilage, MR imaging 
has proved useful for examining the knee joints 
non-invasively. 

We undertook this study to determine whether MR 
imaging can accurately demonstrate the patellar 
articular cartilage, yield a correct grading, or replace 
arthroscopy. 


Materials and methods 

MR studies were performed on 20 patellofemoral 
(PF) joints of 10 normal volunteers (age range 22-27 
years; all female) as normal controls and 102 PF joints 
of 51 consecutive patients (age range 10-55 years; mean 
19 years; 3 males, 48 females) who had a history of 
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giving way or dislocation of one or both PF joints and a 
radiographic diagnosis of subluxation of the patella. 
The roentgenographic criterion for diagnosing subluxa- 
tion of the patella was a lateral PF angle of less than 0° 
on CT, with the knee in full extension (Inoue et al, 
1988). From these 102 PF joints, we excluded four PF 
joints which had previously undergone arthroscopic 
debridement of cartilage, and 21 PF joints which had 
not undergone arthroscopy. As a result, 77 PF joints 
with subluxation were analysed. MR imaging was per- 
formed on a 1.5 T unit (Magnetom, Siemens) with a 
10 cm planar surface coil. Patients were in the supine 
position with their knees in full extension. The planar 
surface coil was placed above the patella. Spin-echo 
(SE) images ( T,- weighted, spin density, and 7,-weighted 
parameters) and FLASH images were obtained. 
T,-weighted images were obtained with SE 400/26 (repe- 
tition time in milliseconds, echo time in milliseconds) 
pulse sequences and four excitations. The examination 
time was 6.88 min. Spin density and 7,-weighted images 
were obtained with dual echo, SE 2000/26. 70 pulse 
sequences and one excitation. The examination time was 
8.80 min. FLASH images were obtained with 
320/15/flip angle 90^ pulse sequences and four excita- 
tions, The examination time was 5.51 min. In all 
subjects, the image direction was perpendicular to the 
long axis of the patella. The section thickness was 4 mm 
with no gap, and the imaging matrix was 256 by 256 
with FOV of 14-18 cm. 

MR images were prospectively interpreted by inde- 
pendent radiologists without knowledge of the results of 
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(a) 


(b) 


Figure 1. 25-year-old female with a normal appearance of the left patellar articular cartilage, (a) T,-weighted image (SE400/26) 
The patellar articular cartilage (arrowhead) shows a homogeneous appearance, with a slightly higher intensity than skeletal muscle 
(arrow). (b) FLASH image (320/15, FA90). The patellar articular cartilage (white arrowhead) shows a relatively high intensity 


because of fat suppression in the bone marrow 


arthroscopy or operation, paying special attention to 
the surface and thickness of the cartilage. The greatest 
thickness was measured. If there was some discrepancy 
among the three observers, agreement was obtained by 
consensus. We then classified these MR findings into 
four grades (MR grade 0, normal; MR grade 1. thick- 
ening; MR grade 2, surface irregularity; MR grade 3, 
loss of the cartilage). We compared these MR grades 
with the arthroscopic grades. Arthroscopy was per- 
formed by an experienced orthopaedic surgeon, and the 
results were recorded by arthroscopic grading, which 
usually consisted of classification into four grades (arth- 
roscopy (AS) grade 0, normal; AS grade 1. softening 
and fissure; AS grade 2, fragmentation; AS grade 3, 
exposure of the subchondral bone) (Table I). 


Table I. MR findings and arthroscopic gradings (n = 77) 





MR grades Athroscopic Sensitivity Specificity 


(AS) grades 


D L.2 3 
0: Normal appearance 10 17 90.9% 74.2% 
|: Thickening 120 3 50% 89.1% 
2: Surface irregularity 3 17 85% 94.7% 
3: Loss of the 
cartilage 6 100% 100% 


NS 
AS grades: grade 0, normal appearance; grade |, softening and 
fissure; grade 2, fragmentation: grade 3, exposure of the 
subchondral bone. 
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Results 
Healthy volunteers 

On T;-weighted images (Fig. la), the normal patella: 
articular cartilage was seen as a homogeneous region 
with a smooth contour. It had a slightly higher intensity 
than skeletal muscle. On FLASH images (Fig. 1b). the 
normal patellar articular cartilage was demonstrated as 
a relatively high intensity area, because the intensity ol 
the fat in the bone marrow was suppressed on this 
sequence. The thickness measured from the FLASH 
image of normal volunteers ranged from 2.8 to 4.4 mm, 
mean 3.56 mm. There were no significant differences 
between the right patellar cartilages and the left in each 
normal volunteer. 


Patients with subluxation of the patella 

Taking account of the thickness of cartilage in normal 
volunteers, we defined cartilage with a smooth surface 
and more than 5 mm thick as "thickening" (MR grade 
I). and that with a smooth surface less than 5 mm thick 
as "normal" (MR grade 0). When irregularity of the 
surface of the cartilage was observed, we defined it as 
"surface irregularity" (MR grade 2) regardless of its 
thickness. If no articular cartilage could be seen on the 
MR image, we defined it as "loss of the cartilage" (MR 
grade 3). Using these criteria of MR imaging (Table I). 
27 PF joints were diagnosed as MR grade 0, 24 as MR 
grade |, 20 as MR grade 2, and six as MR grade 3. 10 
(thickness range 2.8-4.7 mm; mean 3.54 mm) of the 27 
PF joints visualized as MR grade 0 were also diagnosed 
as normal AS grade 0 by arthroscopy, but the other 17 
(thickness range 2.9-4.8 mm; mean 4.13mm) were 
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(à) 





(C) 


recognized as having softening and fissure (AS grade 1) 
during arthroscopy. 20 of the 24 PF joints diagnosed as 
"thickening" (MR grade 1) by MR images were recog- 
nized as AS grade | (Fig. 2), three as AS grade 2 and the 
remaining one as AS grade 0 by arthroscopy. The mean 
thickness of these 24 patellar cartilages was 5.93 mm on 
the MR images. 17 (range of thickness on MR images 
2.9-5.4 mm; mean 4.59 mm) of the 20 PF joints visual- 
ized as MR grade 2 were recognized as having fragmen- 
tation (AS grade 2) on arthroscopy (Fig. 3). The 
remaining three (thickness range 5.2-6.5 mm; mean 
597 mm) were diagnosed as AS grade 1. All six PF 


664 


(b) 


Figure 2. 19-year-old female with thickening (MR grade 1) ol 
the right patellar articular cartilage. (a) Tl-weighted image 
[he patellar articular cartilage is thick (white arrowhead). In 
this image, joint fluid is adjacent to the cartilage (arrow), and 
its intensity is similar to that of cartilage. (b) FLASH image. 
[he patellar cartilage (white arrowhead) shows relatively high 
intensity, while the joint fluid shows low intensity (arrow), 
allowing them to be easily differentiated. In this case, the 
thickness of the cartilage is 6.9mm. (c) Arthroscopy. The 
surface of the cartilage is depressed by the probe (AS grade 1) 


joints diagnosed as MR grade 3 were observed as AS 
grade 3 in arthroscopy (Fig. 4). 


Discussion 

Cartilage may be classified as hyaline or fibrocarti- 
lage. The patellar articular cartilage is hyaline. Cartilage 
is composed of chondrocytes and matrix. The matrix is 
composed of collagen fibres and ground substance, 
which contains various mucopolysaccharides. Hyaline 
cartilage contains a lot of mucopolysaccharide, which 
reflects the signal intensity of articular cartilage on MR 
imaging (Bentley & Dowd, 1984; Shahriaree, 1985). 
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(a) (b) 
Figure 3. 19-year-old female with surface irregularity (MR grade 2) of the right knee. (a) FLASH image. From the central ridge to 
the medial portion, the surface of the articular cartilage is irregular (white arrow), and the cartilage layer is inhomogeneous (white 


arrowhead). (b) Operative findings. The lateral portion of articular cartilage is almost intact (arrow). but there are many 
fragmentations of the medial portion (arrowhead). This change corresponds to AS grade 2 


Hyaline cartilage shows slightly higher intensity than portions of the cartilage. Subluxation of the patella is 
skeletal muscle on 7,-weighted images (Li et al. 1984: usually preceded by malalignment of the PF joint. In 
Reicher et al, 1985a,b; Beltran et al, 1986: Konig et al, many cases, the lateral portion of the articular cartilage 
1987; Yulish et al, 1987). appears soft on arthroscopy. In this condition. the 

All 20 PF joints of 10 normal volunteers showed ground substance in the cartilage has degenerated 
normal alignment. The thickness was almost equal in all Actually, mucopolysaccharide degenerates, and carti- 





(a) (b) 


Figure 4. 50-year-old female with loss of the cartilage (MR grade 3) of the left knee. (a) l -weighted image. The lateral portion of 
the patellar articular cartilage is lost and the subchondral bone is thickened (arrow), The medial portion of the articular cartilage 
remains, but its surface is irregular (arrowhead), (b) Arthroscopy. In the lateral portion of the petalla, the subchondral bone is 
exposed (arrow) (AS grade 3). 
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(a) 


(b) 


Figure 5. 19-year-old female with thickening (MR grade 1) of the left patellar articular cartilage. (a) T,-weighted image. The 
thickness of the cartilage is 6.2 mm and the surface appears smooth. A low-intensity band is seen in the deep layer of the cartilage 
(arrow). (b) Operative findings. Many large fragmentations are seen in the cartilage (arrow head) (AS grade 2). 


lage containing a large amount of water as well as 
vertical collagen fibres is disrupted (Bentley & Dowd, 
1984; Shahriaree, 1985). If patients with. malalignment 
of a PF joint suffer from giving way or dislocation, 
subtle fissures form on the surface of the cartilage. As 
these episodes repeat, larger fragmentations occur and 
the surface becomes irregular. With repeated dislocation 
over a long period, the subchondral bone is finally 
exposed (condition is observed as exposure of the 
subchondral bone by arthroscopy). 

From the analysis of our results, AS grade | lesions 
were underestimated on MR imaging. 17 PF joints 
whose thickness did not exceed 5 mm on the MR images 
(MR grade 0) were evaluated as having softening on 
arthroscopy. In these 17 PF joints, the mean thickness 
was 4.13 mm, which was slightly thicker than 10 PF 
joints seen to be normal (AS grade 0) on arthroscopy. 
Furthermore, for these 17 PF joints, the mean age was 
16.8 years, which was younger than the mean of 23.3 
vears for the normal volunteers. Since the cartilage 
thickness of patients at puberty (between 10 and 19 


vears) might be physiologically thinner than that of 


normal volunteers, the criteria for "thickening" might 
be less than 5 mm. Three of the 24 PF joints observed to 
be thickened on MR images (MR grade |) showed 
fragmentation on arthroscopy (AS grade 2). In these 
three cases, an inhomogeneous appearance was clearly 
observed around the central ridge of the patella (Fig. 5). 
The other 21 PF joints diagnosed as MR grade | had a 
relatively homogeneous appearance. Once an obviously 
inhomogeneous appearance is seen, more advanced 
changes must be considered. Fragmentation on arthro- 
scopy (AS grade 2) was accurately diagnosed by MR 
imaging. Although 20 PF joints were observed to have 
an irregular surface by MR imaging, three of them 
proved to have many deep fissures around the central 
ridge of the patella and were diagnosed as AS grade 1. 
When an irregular surface is observed in this portion by 
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MR imaging, fissure formation or fragmentation must 
be considered (MR grade 3). 

Loss of the articular cartilage (MR grade 3) corre- 
sponds to exposure of the subchondral bone (AS grade 
3) by arthroscopy. All patients in this group were over 
30 years in age and had a long history of giving way or 
dislocation of the patella. 

[n some cases, it is difficult to identify the cartilage 
itself on. T,-weighted images. In such cases, a FLASH 
image with a flip angle of 90° is useful. This is because 
when the fluid in the joint capsule is adjacent to the 
cartilage, it is difficult to differentiate the cartilage from 
the joint fluid on 7;-weighted images. With FLASH 
images with a flip angle 90°, however, cartilage shows a 
relatively high intensity (Konig et al, 1987) while the 
joint fluid shows a low intensity. For this reason, 
FLASH images with a flip angle of 90° provide better 
anatomic detail than 7,-weighted images. However, T, 
and spin-density images are useful for visualizing subtle 
changes in the cartilage layer. On 7,-weighted images, 
the cartilage appears as a low intensity region, while the 
joint fluid shows high intensity (Beltran et al, 1986); 
however, the imaging time is long. 

We conclude that the combination of T|-weighted 
images and FLASH images with a flip angle of 90° is 
extremely effective for detecting abnormalities of the 
patellar articular cartilage. 

In summary, MRI can accurately determine patho- 
logical changes in the patellar articular cartilage in 
patients with subluxation of the patella, especially 
advanced changes. Cartilage with a thickness exceeding 
5mm (MR grade 1) corresponds to softening and 
fissure seen in arthroscopy (AS grade 1). An irregular 
surface observed on MR imaging (MR grade 2) corre- 
sponds to fragmentation (AS grade 2) on arthroscopy. 
Loss of the cartilage observed in MR imaging (MR 
grade 3) corresponds to exposure of the subchondral 
bone (AS grade 3). The combination of 7\-weighted 
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images and FLASH images with a flip angle of 90° is 
extremely effective for detecting abnormalities. of 
patellar articular cartilage. 
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Abstract. The clinical disadvantage of discarding old radiographs was evaluated in patients who had not been re-examined for 
more than & years after their last radiological examination, 38 772 in total. During the | year survey, 158 (0.41%) of them 
underwent re-examination after a long interval. Retrospective evaluation revealed that in only 12 patients (0.032%) were the old 
films useful. This survey suggested that the clinical risk of not referring to films more than 8 years old would be less than 0.049%. 
We consider this acceptable, and have formulated new guidelines of storage of films. 


A large number of patients do not undergo another 
radiological examination for a long time after their last 
visit. The access rate to stored X-ray films had been 
surveyed previously in our university hospital (Imamura 
et al, 1986). We discussed in that paper the access rate to 
stored films for clinical use and also for research as a 


oa 


function of intervals of X-ray examinations: 90% of 


retrieved films were of patients who had been examined 
in the past 5 years. The access rate to films of patients 
who had not been examined during the previous 6 years 
or more decreased to a very low level. We found a 
relationship between the risk of inaccessibility to films 
and the period of storage. 

In this paper, the clinical risk caused by inaccessibility 
to previous films is evaluated. 


Subjects and methods 

All the radiological images are stored in master 
jackets for each patient, and filed centrally. They are 
managed by computer, and data for this investigation 
were extracted using this system. 

The survey was performed during the period between 
Apri 1988 and March 1989. The retrieval rates in this 
period are shown in Table |. Master jackets are classi- 
fied and stored in three storage areas. The classification 
is based on the elapsed period since the last examina- 
ton; 0-2, 3-7 or 8-14 years. The classification was 
dictated by the available storage space. Patients with an 
elapsed period of more than 8 years were selected as 
subjects for this study. 9394 (27 240/29 366) of all the 
jackets requested for clinical use were those of patients 
with an elapsed period of less than 2 years, Only 0.8594 
Corresponding author: Yukio Oyama, MD, Department of 
Radiology. St Marianna University School of Medicine, 2-16-1 
Sugao, Mivamae-ku, Kawasaki, Japan 216. 


668 


(251/29 366) were those of patients with an elapsed 
period of more than 8 years. In the group 3-7 years, 
1875 out of 103650 jackets were retrieved in a year for 
clinical usage, corresponding to 1.8%. 42649 jackets of 
38 772 patients in the third storage space had an elapsed 
time of 8 years or more. Of these, 158 patients 
(158/38 772 = 0.41%) underwent radiological examina- 
tion during the period of survey, and constitute the 
subjects of this study. 

Demographic data of the 158 patients are summar- 
ized in Table II. The elapsed period of radiographic 
examination ranged from 8 to 14 vears with an average 
of 10.3 years. 56 patients (3595) had a comparable 
previous study. The findings of recent examinations 
were normal in 86 patients (54%). Abnormal findings 
were observed in 72 patients (46%), and 29 (18%) of 
them had previously the same kind of examination. 


Table I. Retrieval rates of film jackets in the period of survey: 
April 1988 to March 1989 





Elapsed? No. of stored No. of retrieved jackets 
period jackets ia aaa a eae a 
(years) For For Total use 

research clinical 

use’ 

0-2 73592 3964 27 240 31 204 
3-7 103 650 3527 1 875 5402 
8-14 42 649° 120 2514 371 
Total 221 891 7611 29 366 36977 





"Elapsed since the last visit. 

^Retrieved automatically on patients' visits. 

"Number of patients was estimated to be 38 772 (one patient, 
might have more than one jackets). 

“Radiological examination was performed in 158 patients. 
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Table Il. Summary of the 158 patients surveyed 





Average elapsed period 
Previous examinations 
Number 
Chest radiograph, present 
Other plain films 
Comparable examinations 


10.3 years 


2.9 average 
89 patients 
9] patients 
56 patients 
Recent examinations 

Normal findings 
Abnormal findings 
With comparable previous examinations 


56 patients 
72 patents 
29 patients 





Usefulness of the previous films was evaluated retro- 
spectively by two experienced radiologists, indepen- 
dently, as follows. 


A: No clinical significance made by reviewing old films. 


B: The previous films were useful in the evaluation of 


the interval change of disease but did not cause 
change of clinical management. 
C: The previous films affected the clinical management. 
The films were categorized as C in the following: 


(1) An observation made on the new film could be 
categorized as normal or abnormal with more confi- 
dence by reviewing the previous films. 





(a) 


(2) A correct diagnosis could be made or the clinical 
significance of an observation made on the new film 
could be confirmed by reviewing the previous films. 
For example, when benign disease was diagnosed 
based on the absence of interval change between old 
and new films, the previous films were categorized as 
C (Fig. 1). 


When there was a disagreement between the two 
radiologists, five experienced radiologists reviewed and 
discussed the case together, and a decision was made by 
consensus. 


Results 

The results are summarized in Tables III and IV. 146 
patients were classified as category A, 6 patients as 
category B, and 6 as category C (Table III). The 
previous films were useful in the evaluation of the 
interval change of disease only in 0.016% and were 
useful in diagnosis or treatment planning only in 
0.016% of 38772 patients who had not returned for 8 
years or more (Table IV). As shown in Table V, the 
same sites of the body were radiologically examined 
previously in 44 patients (30%) out of 146 of category 
A, and in all of the patients of category B or C 
(p < 0.05). The findings of recent examinations 
(Table VI) were normal in 86 patients (5994) of category 
A and in none of category B or C (p < 0.05) 


f 


(b) 


Figure 1. A lung nodule (case 9), classified as category C. In the chest film (a) of 1988, a nodular shadow is noted in the left upper 
lung field (arrow). The previous film (b) of 1978 shows a similar lung nodule. Dilatation and elongation of the aorta are also noted 


with progressive change. 
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Table HL Patients whose previous films were found clinically useful 





No. Year” Exam? Diagnosis Interval change 
Category B. 

| 1979 Chest Pulmonary emphysema Worse 

z 1979 Chest Arteriosclerosis of the thoracic aorta Worse 

3 1979 Head CT Cerebral infarction No change 

4 1979 Abdominal intrahepatic cholelithiasis No change 


ultrasonography 


Urolithiasis 
Scoliosis of dorsal spine 


Opacity of right apical lung field: 


No change 
Worse 


No change 


normal variation 


5 1980 Abdomen, IVP 
G 1980 Chest 
Cutegory C 
7 1976 Chest 
R 1976 Upper GI sertes 


9 1978 Chest 
10 1978 Chest 
i1 1978 Head CT 
12 1980 Paranasal sinus 


Gastric ulcer scar 

Granuloma of the left lung 
Arteriosclerosis of the thoracic aorta 
Cardiomegaly 

Postoperative residual meningioma 
Chronic sinusitis 


No change 
No change 
Worse 

No change 
No change 
Improved 





"Year of the last previous examination. 
‘Examination performed in 1988 or 1989. 
“See text, 


A representative case 

Case 9--a 7l-year-old man with acute myocardial 
infarction (Fig. 1). A lung nodule of the left upper lung 
filed was noted. Similar findings were also noted in the 
film of 1978, suggesting a benign nature of the lesion, 
such as a granuloma. Therefore, further evaluation was 
unnecessary to exclude malignancy. This case was classi- 
fied into category C. Progressive elongation of the 
thoracic aorta was also noted. 


Table IV. Results of evaluation 





Category” No, of patients Risk" (%) 


136 (0.35%) 
Category B 6 (0.01655) 
Category € 6 (0.0169 


B+C 12 (0.031%) 


Category A 
0.004--0.028 
0.004 -0.028 


0.013—0.049"4 


“See text. 
"Risks in case the previous films could not be referred to (95% 
confidence limit). 


Table V. Comparison of the incidence of the same kinds of 
previous examinations between patients of category A and 
those of category B or C 





Category Total 
A Bor C 
Present 44 i2 56 
Absent 102 0 102 


670 


Discussion and conclusions 

Out of 42 649 master jackets of patients who had not 
undergone radiographic examination for 8 years or 
more, 371 (0.87%) were requested for clinical use or for 
research in the period of survey. 99.1% of the jackets 
remained on the shelves unused. Only 158 of 38 772 
patients returned after this long interval. This incidence 
is 0.041% and is equivalent to the “inaccessibility risk" 
of previous films, defined simply by the access frequency 
without any clinical considerations (Imamura et al, 
1986). 

About two-thirds of the returning patients (102/158) 
were examined in a different site from the previous 
examinations. In this situation, the previous films were 
not clinically useful. In about half of the patients who 
were examined for the same site (27/56), the examina- 
tions were normal and the management of the patients 
was not significantlv affected by the previous films. 

Furthermore, reviewing the remaining 29 patients 
who had examination of the same site previously and 
also had abnormal findings on the recent examinations, 
the previous films were not useful in 17 patients; the 
abnormality was not clinically significant (nine 


Table VI. Comparison of the findings of the new examinations 
between the patients of category A and those of category B 
or € 








Category Total 
A Bor € 
Normal 86 0 86 
Abnormal 60 12 72 
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patients), the interval between the examination was too 
long to evaluate the significance of the interval change 
of the abnormality (seven patients), or the estimation of 
interval change was difficult because of differing projec- 
tions. Therefore, the old examinations were helpful for 
clinical care in only 12 patients. Consequently, the inac- 
cessibility risk with any clinical disadvantage was 
actually 7.6% (12/158) of the simple inaccessibility risk. 

In six, the old films were useful in diagnosis or 
treatment planning (category C). The inaccessibility risk 
is 0.016% with the upper limit of 0.028% (95% confi- 
dence limit) in diagnosis and treatment planning 
(Table IV). In the remaining six patients, the previous 
films were useful only in the evaluation of interval 
change of disease, but did not have any major effect on 
diagnosis or treatment planning (category B). They 
might not be absolutely necessary, but information on 
an interval change may be valuable in assessing the rate 
of progression and prognosis of a disease. From this 
point of view, the clinical inaccessibility risk is 0.03194 
with the upper limit of 0.049% (95% confidence limit). 

For management and storage of radiographic images, 
our results provide a reliable and acceptable basis as the 
patients' benefit has been carefully considered in this 
analysis. Whether this risk is serious or not will depend 
on many factors which might differ according to the 
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philosophy of physicians, to the circumstances of 
hospitals, to the social concept of the patient's benefit, 
etc. Limited space for storage, and limited manpower in 
film management make indefinite film storage 
impractical. 

In our hospital, all films had been stored system- 
atically since the hospital opened. It became necessary 
to investigate again the policy of the storage of films 
because of limited space. The problem was discussed 
with representatives of clinical departments, mainly 
concerning the risk when the previous films could not be 
retrieved for patients who did not return for a long time. 
We came to a consensus that the presumed risk would 
be acceptable, and consequently the films of patients 
who had not been re-examined for 10 years were 
discarded. 
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Abstract. Two cases of intracardiac deposits from testicular teratomas diagnosed by echocardiography and angiocardiography, 


respectively 


disc ussed 


[he most common sites of metastatic involvement from 
non-seminomatous germ cell tumours are the locore- 
gional lymph nodes and lungs (Williams et al, 1989). 
Metastastic deposits from testicular tumours to unusual 
sites have been described (Husband & Bellamy. 1985). 
We describe two patients wth intracardiac metastases. 
Ihe development of a cardiac murmur in a patient with 
a germ cell tumour should alert the oncologist to this 
rare, potentially lethal, but treatable site of metastasis 


Case reports 
Case | 

A 23-year-old man presented with bilateral. pulmonary 
metastases from a right-sided testicular teratoma (malignant 
teratoma undifferentiated). He was treated abroad by orchidec- 
tomy and chemotherapy with cisplatinum, vinblastine and 
bleomycin, to which he had a partial response. This was 
followed by whole lung irradiation. 3 years later his chest 
disease progressed and he was referred to The Royal Marsden 
Hospital, Cardiac examination was initially normal, but exam- 
ination a week later revealed a systolic murmur audible on 
pulmonary area. Subsequently the patient 
acute episode of mght ventricular failure. An 
echocardiogram showed a large mass filling most of the nght 
ventricle, extending up into the right ventricular outflow tract 
with a towards the tricuspid valve 
(Fig. 1). There was right atrial enlargement, but no filling 
lefect within the right atrium. In view of the acute cardiac 
decompensation he began urgent chemotherapy with carbo- 
plaun, vincrisune and bleomycin. There was an improvement in 


exercise in the 


develi iped an 


projection. reaching 


his dyspnoea and a reduction in the size of the pulmonary 
metastases. A second echocardiogram showed that the mass in 
the right. ventricle was reduced to half the original size 
However, after initial improvement, his condition again deter- 
iorated owing to the development of Haemophilus influenzae 
pneumonia which failed to respond to treatment. He died | 
month after starting chemotherapy. There was no postmortem. 


C ase 


A 40-year-old man presented with posterior mediastinal, 
para-aortic and left-sided cervical lymph node metastases from 
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are described. The importance of recognizing this as an uncommon site of metastasis from germ cell tumours is 


a left-sided testicular teratoma (malignant teratoma inter- 
mediate). He was treated by orchidectomy and chemotherapy 
with bleomycin, etoposide and cisplatinum followed by 
excision of residual masses in the left side of the neck and the 
para-aortic region. He relapsed with para-aortic and medias- 
tinal disease | year later and was treated with two further 
courses of bleomycin, etoposide and cisplatinum, followed by 
excision of the para-aortic mass. Physical examination before 
his abdominal surgery revealed a systolic and diastolic murmur 
in the pulmonary area which had not been noted before. An 
echocardiogram showed a polypoid tumour arising from the 
right atrium, or possibly the tricuspid valve. The tumour did 
not have the appearance of myxoma. Cardiac catheterization 
was performed prior to open heart surgery and detected a large 
fimbriated mass arising from the left atrium and passing 
through the right atrium, the right ventricle into the pulmonary 
artery (Fig. 2). At operation, a semi-solid tumour mass was 
found within the right atrium with a tongue of tumour 
extending into the superior vena cava and the left innominate 





Figure 1. Echocardiogram of Case | showing the metastasis in 
the right ventricle (arrow). 
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Figure 2. Angiocardiogram of Case 2 showing the metastasis in 
the right ventricle. M = metastasis, RA = right atrium, RV = 
right ventricle. 


vein, Histology showed differentiated teratoma (Pillai et al, 
1986). He subsequently relapsed in the retrocrural area and this 
was refractory to chemotherapy. He died 3 vears after his 
initial chemotherapy. There was no postmortem. 


Discussion 

Metastases to the heart are rare, although they 
account for the majority of cardiac tumours (Colucci & 
Braunwald, 1991). When they occur, they are usually 
secondary to locoregional extension and limited to the 
pericardium or myocardium (Kerbrat et al, 1990). 
Haematogeneous metastases to the heart usually origi- 
nate from primaries in the breast or lung (Colucci & 
Braunwald, 1991). Intracardiac deposits from testicular 
tumours are extremely uncommon. Melvin et al (1983) 
reported the first case of an intracardiac metastasis from 
an embryonal carcinoma of the testis which was success- 
fully removed. 

Heart murmurs can be caused by turbulent flow 
within the heart due to intracardiac metastases. In our 
cases, signs suggestive of intracardiac involvement, in 
patients with previously normal cardiac physical exam- 
inations, were a systolic murmur in the pulmonary area 
(Case 1) and a systolic and diastolic murmur in the 
pulmonary area (Case 2). In both patients the meta- 
stases nearly plugged the pulmonary valve. Valvular 
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obstruction and myocardial involvement produced 
heart failure in one patient (Case 1). Acute obstruction 
of the blood flow through a valve may also lead to 
sudden symptoms of convulsions and unconsciousness 
(Colucci & Braunwald, 1991). 

Both the radiologist and oncologist must be aware of 
all potential sites of residual and recurrent disease. 
Although rare, it is important to know about the poss- 
ibility of intracardiac metastases, because teratomas are 
usually chemo-sensitive and even if residual differen- 
tiated teratoma remains after chemotherapy, it can be 
successfully removed. The sudden development of a 
cardiac murmur should alert the clinician to the poss- 
ibility of an intracardiac metastasis which can be diag- 
nosed non-invasively by echocardiography. 
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Abstract. The clinical features, radiographic and computed tomographic findings of nine patients with histological proof of 
cryplogenic organizing pneumonia were analysed. Patients present with cough, dyspnoea and malaise and commonly have 
bilateral multifocal consolidation on chest radiography, which may show resolution or relapse with or without steroid treatment. 
A good response to steroids is the rule, usually with complete radiological resolution or minimal residual scarring. The relative 
merits of the terms cryptogenic organizing pneumonia and bronchiolitis obliterans organizing pneumonia, both currently used to 


describe this entity, are discussed 


Cryptogenic organizing pneumonia is a condition 
increasingly recognized with a distinctive, but not 
unique, constellation of clinical features and radio- 
graphic abnormalities. Diagnosis relies on the histo- 
logical findings of organizing granulation tissue in the 
air spaces, in the absence of an infective or other aetio- 
logical agent. It is important to establish a diagnosis 
since the majority of patients with cryptogenic orga- 
nizing pneumonia make a complete and rapid recovery 
on corticosteroid therapy. The term cryptogenic orga- 
nizing pneumonia (COP) was first coined in the early 
1980s (Davison et al, 1983); at about the same time a 
large series of patients with so-called bronchiolitis obli- 
terans organizing pneumonia (BOOP) was reported 
(Epler et al, 1985). Despite the fact that these two 
descriptions probably relate to the same entity, there has 
been much confusion over the use of the terms COP and 
BOOP (Woodhead & du Bois, 1991). The purpose of 
this study was to describe the clinical features and the 
radiographic abnormalities in a series of patients with 
pathologically proven COP. A second objective was to 
raise awareness of this entity amongst radiologists. 


Patients and methods 

Nine patients attending the Royal Brompton 
National Heart & Lung Hospital during the past 9 years 
with a histologically confirmed diagnosis of organizing 
pneumonia were studied. The histological criterion for 
the diagnosis of organizing pneumonia is the demon- 
stration of buds of immature connective tissue (Masson 
bodies or bourgeons conjunctifs) within alveoli, with 
some extension into respiratory bronchioles. In addi- 
tion, lymphocytes, plasma cells, macrophages and fibro- 
blasts are found within buds of granulation tissue 
(Corrin, 1990) (Fig. 1). An acute infective cause of 
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pneumonia was excluded in all cases. Some patients 
(4/9) had received one or several courses of antibiotics 
before referral to the Royal Brompton Hospital. 
Patients with another primary diagnosis of diffuse lung 
disease, for example fibrosing alveolitis, were excluded. 
The clinical features, lung function test results, chest 
radiographs and computed tomographic (CT) scans 
(5/9) of these nine patients were analysed. 

The majority of chest radiographs were taken at 
14] kVp using an air gap and an automatic exposure 
device. The film/screen combination used was a 
medium-speed calcium tungstate screen (Kodak regular) 
with Kodak XL film. Five patients had one or more 
radiographs taken with an AMBER (Optische Industrie 
Oldelft, Netherlands) chest unit, also taken at 140 kVp. 
Radiographic abnormalities were catagorized as upper, 





Figure 1. Cryptogenic organizing pneumonia (H & E strain). 
Buds of granulation tissue occupy the alveoli and stream 
towards the respiratory bronchioles (arrowheads). (Repro- 
duced by permission, from Corrin (1990).) 
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Table I. Clinical features, lung function test results and biopsy technique 


Case Age Sex Presenting Past medical ESR Lung function Initial Type of biopsy 
(years) symptoms history (mm/h) tests: diagnosis 
FEV,/FVC (%) 
DLCO (% 
predicted) 

l 62 E Dyspnoea, Sarcoidosis Not available FEV,/FVC = 49 — Percutaneous 
cough, fever DLCO = 25 (Biopty gun) 
and pleuritic 
pain 

2 53 F Cough, —— 30 FEV,/FVC=78 | — Transbronchial 
haemoptysis DLCO - 60 
and fever 

3 47 M  Dyspnoea and Ulcerative 12 FEV /FVC = 81 Cryptogenic Transbronchial 
pleuritic pain colitis (on steroids) DLCO = 7 fibrosing 

alveolitis 

4 49 F Dyspnoea, -— 66 FEV,/FVC = 84 Cryptogenic Open lung 
productive DLCO = 51 fibrosing 
cough and alveolitis 
pleuritic pain 

5 57 F Dyspnoea, Pulmonary 107 FEV /FVC=60 — Transbronchial 
cough and tuberculosis DLCO = 36 
weight loss 

6 24 M  Dyspnoea and  — 2 FEV,/FVC = 70 Cryptogenic Transbronchial 
pleuritic pain (on steroids) DLCO = 37 fibrosing 

alveolitis 

7 70 M  Dyspnoea,  — 67 Not available Pulmonary Open lung 
cough, fever eosinophilia 
and weight loss 

8 63 M  JDyspnoea, — 63 FEV,/FCV —84 — Transbronchial 
productive DLCO = 31 
cough and 
haemoptysis 

9 67 M  Dyspnoea, — 40 FEV,/FVC —78 Heart failure Transbronehial 
productive DLCO = 55 
cough and 


weight loss 





mid or lower zone. Within the limitations of a two- 
dimensional postero-anterior (PA) chest radiograph, an 
estimation. of whether the abnormalities were pre- 
dominantly central or peripheral was made. 

CT scan examinations on five patients were per- 
formed on an Elscint 2002 scanner with a scanning time 
of 5.5s. A standard protocol (contiguous 10 mm 
sections, normal reconstruction) was used in all cases. 


Results 

The clinical features, lung function test results and 
biopsy techniques are summarized in Table I. The 
presenting symptoms of all patients were similar but 
non-specific with dyspnoea (8/9) and cough (7/9) being 
the commonest complaint. Four patients produced 
white mucoid sputum. Systemic disturbance, manifest as 
malaise (6/9), fever (3/9) and weight loss (3/9), was also 
common. Pleuritic pain (4/9) and haemoptysis (2/9) also 
occurred. None of the patients was on chronic medica- 
tion known to be associated with COP. 

The radiographic abnormalities are recorded in 
Table H. The predominant radiographic abnormality 
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was of patchy shadowing in seven cases, consistent with 
multifocal consolidation; in three cases the shadowing 
had a poorly defined nodular pattern. All patients had 
lower-zone changes, eight had mid-zone changes and 
only three had changes in the upper zones. No patient 
had exclusively upper-zone abnormalities. Changes were 
bilateral during the course of the disease in all cases. 
Five patients had predominantly peripheral shadowing 
(Figs 2, 3). 

The peripheral distribution. of the shadowing in 
Case | was initially interpreted as pleural disease but a 
CT scan demonstrated subpleural consolidation with no 
evidence of pleural disease (Fig. 4). In Case 4 a right- 
sided pleural reaction was ascribed to a previous open 
lung biopsy; this remained after the pulmonary changes 
had completely resolved. In Case 9 the radiographic 
abnormalities were complicated by the superimposed 
changes of heart failure: the right pleural effusion was 
presumed to result from congestive cardiac failure. Of 
the five patients who underwent CT examination, only 
three had CT at the time of presentation. These all 
confirmed that the poorly defined opacities seen on 


675 


J. A. A. Haddock and D. M. Hansell 


Table HI. Radiographic abnormalities 





Case Zona! Type of shadowing Distribution Follow-up 
predominance (all bilateral) (p — peripheral, (after starting steroids), 
(U = upper, M = mid, n = no peripheral R = clinical and radiological relapse 
L — lower zone) predominance) during follow-up period 
| M L Confluent poorly p Linear residual changes 
defined nodular 14/12 
shadowing 
2 M L Multifocal n Complete resolution 
consolidation 9/12 
R 
M L Multifocal n Linear residual changes 
consolidation 11/12 
i | M L Confluent poorly n Linear residual changes 
defined nodular 9 years 
shadowing R 
. L Multifocal p Poorly defined residual shadowing 
consolidation and 18/12 
poorly defined nodular R 
showing 
6 M L Multifocal p Complete resolution 
consolidation 10/12 
l M L Widespread dense p Homogeneous residual shadowing 
consolidation 11/12 
R 
x M L Multifocal p Complete resolution 
consolidation 6/12 
9 l M I Widespread dense n Homogeneous residual shadowing 
consolidation 6/12 
R 





plain radiography were areas of consolidation with an 
air bronchogram visible in some of the opacified 
parenchyma. 

Immediate clinical and radiological response occurred 
with steroids in the majority of patients (7/9); treatment 
was continued for between 6 months and | year. 





Figure 2. Case 3. Patchy bilateral consolidation in the mid and Figure 3. Case 7. Bilateral dense consolidation in the left upper 
lower zones. These changes resolved completely on steroid zone and both mid and lower zones; note the peripheral 
treatment distribution. 
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(a) 





(b) 


Figure 4. Case l. (a) Poorly defined multifocal consolidation 
with nodularity and confluent shadowing at the bases, initially 
interpreted as pleural disease. (b) CT section through the lower 
zones confirms the presence of subpleural consolidation 
containing an air bronchogram (arrow). There is no significant 
pleural disease 


Relapsing and changing shadows were noted during the 
course of the disease in five patients. Case 5 was systemi- 
cally unwell for several months before a diagnosis was 
made and steroid treatment initiated. During this time, 
without steroid treatment, changes at the right base 
cleared and returned; in addition new shadowing 
developed at the left base (Fig. 5). A similar radio- 
graphic sequence was seen in Case 9 (Fig. 6) and 7 while 
on treatment. One patient (Case 4) inadvertently 
stopped steroids and relapsed radiographically and 
clinically 10 weeks later. The shadowing occurred at a 
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site whence it had previously cleared. A similar recur- 
rence of consolidation at the same site occurred in 
Case 2, despite continued steroid therapy. 

Three patients responded to treatment with complete 
resolution of the radiographic changes. Six patients had 
residual changes at 6 months to several years aller 
treatment. In three of these the changes were a few 
linear shadows at the site of the previous consolidation 
One patient had persistent bilateral poorly defined 
opacities at the lung bases. Two patients had residual 
shadowing at the site of previous larger areas of consoli- 
dation 6 and 11 months after starting treatment, 
respectively. 


Discussion 

COP was first described in the English literature by 
Davison (Davison et al, 1983). In this series of eight 
patients with a history of dyspnoea, cough and malaise, 
and ill-defined areas of consolidation on chest radio- 
graphy, no aetiological factor was found. Lung biopsy 
revealed intra-alveolar buds of organizing fibrous tissue 
extending some way into the respiratory bronchioles 
These patients responded rapidly to steroids with 
complete resolution of symptoms and radiological 
abnormalities. Davison grouped these cases together as 
a distinct entity and suggested the term cryptogenic 
organizing pneumonitis. 

Two years later Epler reported a much larger series ol 
patients with similar features (Epler et al, 1985). In this 
study 2000 open lung biopsies from the previous 30 
years in which the term “bronchiolitis obliterans” 
appeared in the histological report were reviewed. 50 ol 
these patients had a clinical picture similar to those in 
Davison's study and, again, no causative factor was 
identified. Histology was similar to the cases described 
by Davison with plugs of granulation tissue in the 
alveoli. alveolar ducts and respiratory bronchioles. This 
group of patients also responded to steroids, although it 
is noteworthy that they were labelled as having à patho- 
logical component of “bronchiolitis obliterans”. Epler 
felt that a new description was needed to distinguish this 
condition from "pure" obliterative bronchiolitis in 
which the prognosis is often extremely poor: in a series 
of six patients with obliterative bronchiolitis five 
patients had died within 18 months despite steroid 
treatment (Geddes et al. 1977). Epler coined the term 
bronchiolitis obliterans organizing pneumonia, which 
has since been used by authors in the North American 
literature (Cordier et al, 1989; Guerry-Fore et al, 1987; 
Müller et al, 1990). 

The terms BOOP and COP describes similar and 
probably identical clinico-pathological entities (du Bois 
& Geddes, 1991) BOOP may be the semantically 
correct term because the distal bronchioles are partially 
"obliterated" by granulation tissue but the mechanism 
of bronchiolar obliteration in patients with pure OB is 
completely different. In contrast to the pathological 
changes of BOOP and COP there is mucosal thickening 
in small airways (1-6 mm) with constriction, scarring 
and finally luminal obliteration; furthermore in oblitera- 








tive bronchiolitis the alveoli and alveolar ducts are 


notably spared (Geddes et al, 1977). Although the name 
BOOP can be seen as an attempt to distinguish this 
condition from obliterative bronchiolitis, it may be con- 
sidered a misleading term and the advice of Woodhead 
and du Bois is to use the term COP (Woodhead & du 
Bois, 1991). As Geddes points out, it is less fun to 
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(b) 


Figure 5. Case 5. (a) Peripheral consolidation at the right base 
and some poorly defined nodular (5- 10 mm) shadowing in the 
mid and upper zones. (b) Some resolution of the right basal 
shadowing. The nodular shadowing in the mid and upper zones 
on the right is more pronounced. New consolidation at the left 
base (7 months after (a)). (c) Recurrence of consolidation at the 
right base with some clearing of the shadowing on the left 
(8 months after (a)) 


pronounce but makes the pathological distinction with 
greater clarity (Geddes, 1991). 

Pathologically the findings in resolving infective pneu- 
monia and COP are similar, although the clinical 
picture is different and it is likely that COP is yet 
another way that the lung responds to a variety of 
insults (Corrin, 1990). A definite aetiological factor 
remains elusive but various associations are recognized. 
An association with rheumatoid arthritis has been 
reported (Rees et al, 1991). Drugs including amio- 
darone, sulphasalazine, penicillamine and acebutolol 
have been implicated (Corrin, 1990). There is a single 
case report of a steroid-responsive organizing pneu- 
monia in a patient with AIDS-related complex (Allen & 
Wevers, 1989). Ulcerative colitis may be associated 
(Swinburn et al, 1988) and an environmental agent may 
play a role as there have been reports of seasonal 
variations in the severity of the disease (Spiteri et al, 
1990). 

In this series the presenting symptoms and raised 
erythrocyte sedimentation rate (ESR) are similar to 
findings in previous series. The two patients with à 
normal ESR were already on steroids at the time of 
referral. Lung function showed a normal FEV,/FVC 
ratio except in two patients; one of these was a smoker, 
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the other was known to have irreversible airways 
obstruction before the episode of COP. DLCO was 
reduced in all but one patient. Lung function test results 
do not reveal a specific or uniform defect. Only one 
patient had an association that has been noted 
previously, ulcerative colitis, however patients with a 
connective tissue disease were deliberately excluded 
from our series. Some authors advocate open lung 
biopsy as the method of choice to achieve a definitive 
diagnosis rather than transbronchial biopsy with the 
inherent problems of "crush artefact” which can destroy 
the pathognomonic streams of granulation tissue. 
However, six of our patients were diagnosed from trans- 
bronchial specimens alone. 

Radiographic changes within the group were similar 
with homogeneous mid- and lower-zone shadowing 
being the most common finding. A peripheral distribu- 
tion has been noted previously in a CT study of BOOP 
(a) (Müller et al, 1990) and this accords with our findings of 
a definite peripheral predominance in just over half of 
our cases. More than half of our patients had relapsing 
and changing shadows; it is striking that these may 
occur with or without treatment. The radiographic 
abnormalities are all non-specific, however, and may 
suggest an alternative diagnosis. Given the basal pre- 
dominance of the changes, it is not surprising that three 
of the four patients referred to the Brompton arrived 
with an initial diagnosis of cryptogenic fibrosing alveoli- 
tis (CFA). Both COP and CFA are treated with steroids 
but the prognosis for CFA is very much worse; only 
50% of patients are alive at 4.5 years (Turner-Warwick 
et al, 1980). The peripheral and changing nature of the 
shadows may be confused with pulmonary eosinophilia 
and indeed the fourth referral arrived with this 
diagnosis. 

No previous long-term assessment of the radiological 
changes in COP has been made. In two cases follow-up 
may not have been sufficiently prolonged and the 
changes were consistent with a resolving organizing 
(b) pneumonia. Three cases showed linear shadowing in 
areas where there had previously been areas of consoli- 
dation and these were interpreted as being due to limited 
fibrosis. 

[n conclusion, COP is a distinct clinico-pathological 
entity. In our series, patients presented with increasing 
dvspnoea, cough and malaise, and chest radiographs 
showed bilateral multifocal consolidation. Relapsing 
shadows and new changes may occur during the natural 
history of the condition or on steroid treatment. It has 
been suggested that the radiology of COP is too variable 
to be helpful but our series has demonstrated uniformity 











Figure 6. Case 9. (a) Bilateral dense consolidation. Right-sided 
pleural effusion and cardiomegaly: coexisting cardiac failure. 
(b) Following diuretic treatment, resolution of right pleural 
effusion. Subsequent steroid treatment also led to the resolu- 
tion of the bilateral dense consolidation (1 month after (a)). 
(c) New dense consolidation in the right mid and upper zones 
(c) (4 months after (a)). 
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in many of the radiographic abnormalities. Although 
the final diagnosis is one of exclusion and requires 
histological confirmation, in the correct clinical context 
the radiographic features should raise the possibility of 
the diagnosis of COP. Patients responded well to 
steroids and usually progress to complete recovery 
although minimal radiographic changes may persist. 
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Abstract. The clinical and radiological findings in three cases of bronchial atresia are presented. Bronchial atresia has a 
characteristic plain radiographic appearance in the majority of cases. Computed tomography may be required to confirm the 
diagnosis. The condition often presents to the radiologist as an incidental finding on the chest radiograph in a patient undergoing 


investigation for an unrelated problem. 


Bronchial atresia is a rare, congenital anomaly 
characterized by the presence of a bronchocoele with 
distal hyperinflation. There is no communication 
between the bronchocoele and the main bronchial tree. 
The true incidence is uncertain as some patients are 
asymptomatic. 

We present three cases of bronchial atresia and review 
the literature on this subject with emphasis on the 
clinical and radiological features. 


Case reports 
Case 1 

A 14-year-old boy presented to his general practi- 
tioner following several episodes of left-sided pleuritic 
chest pain. Examination revealed decreased air entry on 
the left. A chest radiograph showed a hyperinflated left 
lower lobe with air-trapping on expiration (Fig. 1). A 
branching opacity could be seen within the hyper- 
inflated area. Bronchoscopy was normal. Computed 
tomography (CT) confirmed the radiographic findings 
(Fig. 2). At thoracotomy the left lower lobe was excised. 
Examination of the specimen confirmed the diagnosis of 
bronchial atresia, which involved the posterior basal 
segment (Fig. 3). 


Case 2 

A 55-year-old male smoker presented with increasing 
breathlessness on exertion. On examination there was 
reduced air entry at the right base. The chest radiograph 
showed an area of hyperlucency in the right lower zone 
with an associated branching structure (Fig. 4). The 
patient was lost to follow-up for 8 years. He re- 
presented with increasing dyspnoea. A chest radiograph 
at this time showed expansion of the area of hyper- 
lucency to fill the whole of the right hemithorax. A CT 
scan confirmed that the branching structure did not 
contact with the right hilum. The right lower lobe was 
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excised and the specimen demonstrated atresia of the 
apical segmental bronchus. 


Case J 

A 25-year-old man presented with a history of black- 
outs for which no cause was found. During investigation 
a chest radiograph revealed an ovoid density above the 
left hilum and increased radiolucency in the left upper 
zone (Fig. 5). Branching structures arising from the 
mass were clearly seen on plain tomography and a 
provisional diagnosis of a vascular malformation was 
made (Fig. 6). Pulmonary arteriograpy showed that the 
mass was avascular and that there was absent perfusion 
in the left upper lobe (Fig. 7). A CT scan demonstrated 
the branching nature of the mass (Fig. 8). There was no 
evidence of enhancement following administration. of 
intravenous contrast. medium (mean attenuation 
15 HU). Magnetic resonance imaging was also per- 
formed. The bronchocoele was shown to have a 
moderate signal intensity on the T7,-weighted scan 
(Fig. 9). 


Discussion 

Bronchial atresia was first described in [953 by 
Ramsay (Ramsay, 1953). Since then, a total of 93 cases 
have been reported in the world literature (Aalbers et al, 
1987; Cohen et al, 1980; Finck & Milne, 1988; Fusonie 
& Molnar, 1966; Jederlinic et al, 1987; Lau et al, 1987; 
Simon & Reid, 1963), Most cases have been of young 
adults. However, the age range 1s wide and includes a 
stillborn infant (Bucher & Reid, 1961) and a 66-year-old 
man (Aalbers et al, 1987). Males predominate by a ratio 
of 2:1. Most of the patients did not have any respira- 
tory symptoms and the diagnosis of bronchial atresia 
was an incidental finding (as in Case 3) fn the 
remaining 42%, recurrent chest infections, cough and 
dyspnoea were the most common symptoms, Chest pain 
is a very uncommon presentation and may have been 
incidental in our first case. In older patients, as in Case 
2, cough and dyspnoea are often secondary to chronic 
airways disease. The CT scan in this patient did show 
widespread emphysema, but it is likely that the symp- 
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Figure 2. CT scan at a level below the hilum, demonstrating the 
mass effect of the hyperinflated segment and a fluid level within 
the bronchocoele. 





rarely occur (Waddell et al, 1965). The segmental 
bronchi to the left upper lobe are involved in 64% of 
cases. followed by the left lower lobe in 14% of cases. 
Involvement of the right lower or middle lobes is seen in 
only 8% of patients. This predilection for the left lung 


INSPIRATION 


(a) 


EXPIRATION 


(b) 
Figure 1. (a) Inspiratory chest radiograph of Case | showing 


left lower zone hyperinflation and a bronchocoele (arrow), 
(b) Expiratory radiograph showing air trapping. 


toms were exacerbated by the compressive effect of the 
hyperinflated segment. Respiratory embarrassment 
resulting from the mass effect of the hyperinflated 
segment can be particularly severe in infancy (Warner 
et al. 1982). On examination, the only common physical 
sign is that of reduced air entry over the abnormal 





segment 
Although bronchial atresia usually involves à Figure 3. The resected left lower lobe specimen of Case 1. The 
segmental bronchus, atresia of a lobar bronchus may mucus plug within the bronchocoele is clearly seen (arrow). 
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Figure 4. Chest radiograph of Case 2 showing right lower zone 
hyperinflation with an associated bronchocoele. 


is shared by other congenital anomalies including 
agenesis, hypoplasia and sequestration (although other 
congenital abnormalities, such as scimitar syndrome 
and oesophageal lung, are commoner on the right). 
Bronchial atresia has been reported to co-exist with 
pulmonary sequestration and cystic adenomatoid 
malformation of the lung (Demos & Teresi, 1975). It has 





Figure 5. Chest radiograph of Case 3 showing left upper zone 


hyperinflation and a branching soft-tissue mass. 
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Figure 6. Conventional tomography in an oblique sagittal 
plane demonstrates the branching nature of the mass 


been suggested that some cases of bronchial atresia have 
been misdiagnosed as congenital lobar emphysema 
(Schuster et al, 1978). 

The aetiology of bronchial atresia is unknown. It 
most probably occurs as a result of a vascular insult 


A. 


+H 

$s i 

- 
Figure 7. Pulmonary arteriogram in Case 3 showing that both 
the mass and left upper lobe were avascular. 
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Figure 8. CT scan showing the branching nature of the mass. 


occurring in utero, at approximately 16 weeks gestation. 
The bronchi distal to the site of atresia develop 
normally (Curry & Curry, 1966). They have a normal 
epithelium containing functioning goblet cells. The 
secreted mucus collects in the closed system and a 
bronchocoele develops. Aeration of the segment occurs 
by collateral air drift via the pores of Kohn and the 
channels of Lambert (Lambert, 1955). The air trapping 
and resultant hyperinflation may result from the colla- 
teral channels acting as check valves (Culiner, 1964). 


Alternatively, this may result from the smaller alveoli of 


the normal lung being under higher pressure than the 
overexpanded alveoli of the abnormal segment, as 
predicted by Laplace's law. 

In up to 75% of the reported cases, both a broncho- 
coele and a localized area of hyperinflation were visible 
on the chest radiograph. A bronchocoele can develop as 
early as 6 days after birth (Oh et al, 1976). Alternatively, 
mucus accumulation may not become apparent until 
the third decade (Jederlinic et al, 1987). The broncho- 
coele may be round, ovoid or branching and may 
contain an air-fluid level. In a case followed from birth, 
aeration of the affected segment had occurred by the 
sixth day (Robotham et al, 1980). Initially in the neo- 
natal period the abnormal segment is fluid-filled 
(Schuster et al, 1978). 

Conventional tomography can be used to define the 
morphology of the bronchocoele more accurately; 
however, CT is the diagnostic procedure of choice. CT 
scanning can demonstrate the lack of communication 
between the bronchocoele and the hilum and show small 
bronchocoeles not seen on the plain radiograph. It is 
more sensitive in the demonstration of segmental hyper- 
inflation and associated mass effect. The mucoid 
material has a CT number ranging from —5 to 
+20 HU, depending on the degree of inspissation. A 
dynamic CT scan can be used if required to exclude a 
vascular anomaly, making pulmonary angiography 
unnecessary. Depending on the lie of the bronchocoele, 
the probable site of atresia can be predicted by the CT 
scan (Lau et al, 1987). However, distortion and displace- 
ment of surrounding structures by the hyperinflated 
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Figure 9. A 7\-weighted (TR 500 ms, TE 25 ms) sagittal MR 
image. The bronchocoele has a signal intensity greater than 
that of muscle. Note the signal voids resulting from flowing 
blood in the mediastinal vessels (arrows). 


segment prevents this in many cases, particularly if the 
atresia involves the lower lobes. 

Lung scintigraphy may show either delayed or absent 
ventilation in the affected segment with markedly 
reduced perfusion. Owing to the advantages of CT 
scanning, more invasive investigational techniques are 
rarely required. Bronchography can demonstrate non- 
filling of the affected bronchus but interpretation is 
difficult because of distortion of the bronchial tree. 
Rarely, a short bronchial stump is seen (Lau et al, 1987). 
Bronchoscopy is only performed if an endobronchial 
lesion is suspected, particularly in the older age group. 
Angiography may be required to exclude other possible 
diagnoses such as sequestration or vascular 
malformation. 

Magnetic resonance imaging has been described in 
one other case of bronchial atresia (Finck & Milne, 
1988). This technique can clearly demonstrate the 
branching nature of the bronchocoele. Also, the pre- 
sence of a moderately intense signal within the broncho- 
coele excludes the presence of rapidly flowing blood. 
However, such a signal could be produced by a com- 
pletely thrombosed vascular malformation. A vascular 
malformation would not be expected to produce an area 
of distal hyperinflation. This sign cannot be detected on 
the MR images. CT is very accurate in defining areas of 
hyperinflation and should therefore be the preferred 
confirmatory imaging study when performed before and 
during injection of contrast medium. 

The management of patients with bronchial atresia is 
variable. In children, surgery is recommended to allow 
the normal development of the surrounding lung. In 
adults, surgery is reserved for symptomatic patients 
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(Meng et al, 1978). Owing to the effect of previous 
infections and irreversible hyperinflation, over 50% of 
the treated patients undergo a lobectomy rather than a 
segmentectomy. In older patients with concomitant 
generalized chronic lung disease, CT scanning can 
accurately assess the degree of parenchymal disease and 
thus influence surgery. 

In summary, awareness of this rare condition allows 
the diagnosis of bronchial atresia to be made on the 
plain radiagraph alone in the majority of cases. This is 
important, as bronchial atresia often presents as an 
incidental finding. CT is the most sensitive imaging 
technique for confirmation of the diagnosis. 
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Abstract. The difficulties of making the results of threshold contrast-detail diameter tests on X-ray image intensifier systems 
consistent with published performance standards are discussed. The current approach to contrast-detail testing is described and an 
alternative method intended to give greater consistency for all image intensifier input field diameters proposed. The current and 
alternative test conditions are compared on two image intensifier systems. The results obtained show that the contrast-detail curves 
for image intensifier systems with a wide range of input field diameters can be effectively normalized to be directly comparable to a 
common reference standard by applying the proposed alternative test conditions. The implications of this result on the 


interpretation of the contrast-detail test are discussed. 


Threshold contrast-detail diameter test objects (specifi- 
cally the "Leeds" test objects) have been a valuable tool 
for the non-invasive assessment of the image quality of 
X-ray image intensifier/TV systems since their introduc- 
tion in the early 1960s (Hay, 1964). Although intended 
to provide the means for performing serial quality assur- 
ance measurements on individual systems, the use of 
these test objects has often been extended to the 
distinctly separate task of making measurements of 
image quality over a wide range of systems. This exten- 
sion of function, although discouraged in the instruc- 
tions supplied with the Leeds test objects (Hay et al, 
1979), has been necessitated by the need to provide 
assessments of image quality as part of the acceptance/ 
commissioning tests on new image intensifiers (HPA, 
1981; DHSS, 1982; Henshaw, 1989) and to give advice 
on the replacement of old ones. 

The current approach adopted to assess image quality 
in these situations is to perform contrast-detail tests at 
pre-determined dose rates, X-ray beam quality. and 
viewing conditions, and to make a comparison between 
the resulting contrast-detail curves and one of a number 
of standard curves obtained from surveys of well main- 
tained equipment. The Department of Health and Social 
Security (now Department of Health) document 
STR/7/82 (DHSS, 1982) shows the results of two such 
surveys (for intensifiers with 22-25 cm input field 
diameters), one for new equipment and one for equip- 
ment of average age. 5 years, both at an input dose-rate 
of 0.26 uGy/s. It recommends that the performance 
level described by the latter curve be used as a reason- 
able guideline for the performance of new image intensi- 
fier systems. This advice was repeated in the subsequent 
second (1985) and third (1986) editions of this document 
together with an additional section. concerning the 
application of the Leeds test objects to image intensifiers 
with larger input field diameters (up to 35 cm) than the 
25 cm diameter maximum for which the objects were 
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originally designed. The dose rates recommended for 
these larger field diameters are, however, manufacturer- 
dependent and no expected performance curve for these 
larger intensifiers is given. The document also includes 
the recommendation from a group of equipment manu- 
facturers that, where performance assessments of larger 
input field diameter intensifiers are to be performed, the 
magnified field giving the closest to a 23 cm effective 
input field diameter should be used for comparison with 
the standard survey result. This approach. however, 
does not solve the problem of comparing the perform- 
ances of systems whose maximum field diameters are 
less than 23cm. A curve describing the average 
performance of smaller field-of-view image intensifiers 
at 0.87 uGy/s has been published in the Leeds test 
objects instruction manual, and this is often used asa 
guideline for acceptable performance of these smaller 
diameter systems, although the DHSS documents do 
not recommend this. The Hospital Physicists’ 
Association publication TGR32 (HPA, 1981) gives a 
range of typical results for input dose-rates of 
0.26 uGy/s and 0.87 uGy/s but does not state for what 
input field diameter the results apply. | 


The present approach to contrast-detail testing 

The approach to contrast-detail testing embodied in 
the design and instructions for use of the Leeds test 
objects is to test the image intensifier systefn under 
viewing conditions similar to those used by the radiolo- 
gist in the clinical situation and at clinically realistic 
dose-rates. When most X-ray image intensifiers were 
either of single-field 15 cm or dual-field 23/12 cm 
designs, it was possible to deal with most equipment 
encountered in two categories: input field diameters of 
23-25 cm tested at 0.26 uGy/s, and 12-15 cm tested at 
0.87 uGy/s. The recommended viewing distance for 
both categories is four times the diameter of the TV 
monitor display. At this distance the visual bias of the 
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observer is expected to be similar to that operating in 
clinical practice. Cowan et al (1987) suggest that this is 
an advantage of the convenüonal test protocol, but 
while this may be so when the desired result is a 
simulation of clinical conditions, it will be shown that 
where the desired result is a quantitative measurement 
of performance, variations in visual bias with input field 
diameter can produce misleading results. 

The limitations of the present approach emerge when 
attempts are made to compare the results obtained with 
the DHSS reference standard. Such comparisons are 
invalid unless the same test conditions (input field 
diameter of 23 cm and input dose-rate of 0.26 wGy/s) 
have been used. 


An alternative approach 

If the rationale behind the choice of test conditions is 
altered from an attempt to simulate clinical conditions 
to an attempt to obtain a quantitative measurement of 
image intensifier/TV performance, an alternative test 
protocol can be formulated. Under this protocol it is 
proposed that the input dose-rate and the visual para- 
meters affecting the observer's ability to detect the test 
details in noise are maintained constant for all input 
field diameters. This offers the advantage that the results 
can be compared directly with the DHSS guideline, but 
suffers from the disadvantage that the dose-rate used for 
the test may be different from that being used in clinical 
practice. Thus, if the constrast-detail measurement is 
intended to form part of a quality assurance pro- 
gramme, the conventional test protocol should be used 
at clinically realistic dose-rates. 

The X-ray quantum noise present in the image is 
governed by the dose-rate at the intensifier input plane. 
To make this comparable to the DHSS guideline it 
should be set to 0.26 uGy/s. Since the gain of an image 
intensifier is directly proportional to the ratio of its 
input and output phosphor areas, an implication of the 
use of a fixed dose-rate for all intensifiers is that the 
automatic gain control of the video system must be 
capable of maintaining the image brightness and video 
modulation at this dose-rate without increasing the 
contribution of electronic noise to the extent that the 
quantum noise no longer dominates. 

To minimize variations in the psycho-optical para- 
meters involved in the contrast-detail detection task, the 
critical variable to be considered is the viewing distance. 
Other important factors include the ambient room 
lighting and TV monitor contrast and brightness adjust- 
ment. These should, however, be reasonably constant 
for the task of contrast-detail testing where the room 
lighting is normally dimmed in line with clinical practice 
and the TV monitor controls are pre-set using the Leeds 
grey-scale test object GS1. (The appearance of the GSI 
image at 0.26 wGy/s can also be used to establish that 
the dynamic range of the automatic video gain system 
has not been exceeded.) 

As the viewing distance is changed, the threshold 
contrast for various sized details will also change. In 
general, for large diameter details, the threshold 
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contrast decreases with viewing distance as spatial aver- 
aging over the sampling aperture of the observer acts to 
reduce the perceived level of noise, but for small 
diameter details, the threshold contrast increases with 
viewing distance owing to the decreasing ability of the 
eye to resolve them. There is, therefore, no single 
viewing distance that is optimal for all detail sizes. It is 
important, however, that a fixed proportionality 
between the displayed size of the test object and the 
viewing distance is maintained so that the psycho- 
optical bias inherent in the contrast-detail test is also 
kept constant. The conventional viewing distance of 
four times the diameter of the TV display was originally 
chosen so that a 625-line TV raster is just not percept- 
ible to a person with normal eyesight (Hay et al, 1985) 
but this restriction is probably now less important 
because of improvements in TV monitor design and the 
increasing use of high-resolution 1000-line TV systems. 
Whilst the limit of visibility of TV raster lines with 
distance has been investigated (Siedband, 1981) it is not 
clear that their perception or otherwise has a significant 
effect on the detection of low-contrast disks in noise. 

The display magnification (ie. the magnification 
factor between the size of the image displayed on the TV 
monitor and the original size of the object) and TV 
screen diameter reported (DHSS, 1981) for a new GEC 
Kompact 9/5 intensifier/TV system, typical of the equip- 
ment on which the 1982 DHSS guideline survey was 
originally performed, were used to establish a suitable 
standard viewing distance. The reported display magni- 
fication measured at the centre of the 23cm field 
(1.025:1) was related to the conventionally recom- 
mended viewing distance of four times the display circle 
diameter (23 cm) to establish a standard viewing 
distance for an unmagnified display of 90 cm. The pro- 
cedure for setting the viewing distance is therefore to 
measure the display magnification for the field size 
under test and multiply this factor by 90 cm. The 
display magnification can be obtained by measuring the 
distance on the TV monitor screen across a suitable 
number of squares on the Leeds MI matrix test object 
and dividing by the actual distance as defined by the 
object. This method of setting the viewing distance has 
the additional advantage that any geometrical scaling 
caused by the test object not being at the image intensi- 
fier input plane will be automatically corrected for. 


Experimental measurements 

Threshold contrast-detail diameter tests with the 
Leeds test objects N3 and TO10 were carried out on two 
new image intensifer/TV systems to compare the 
conventional test protocol with the alternative protocol 
proposed above. In all cases a measured tube potential 
of 70 kVp and an additional filtration of 1 mm of 
copper were used. These parameters cannot be altered 
without invalidating the calibration of the contrasts 
given by the test object. The systems had input field 
diameters of 30, 23 and 17 cm and 36, 25 and 15 cm. In 
each case visual assessments of the contrast-detail test 
objects were made by two experienced observers. 
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To test the assumption that the threshold contrast is 
quantum noise dominated at the proposed standard 
dose rate of 0.26 wGy/s over a range of intensifier sizes, 
threshold contrast was measured using the N3 test 
object over a range of input dose-rates for all field 
sizes on the two systems. The viewing distance was set in 
proportion to the display magnification as described 
above. To compare the contrast-detail results obtained 
using the conventional and alternative test protocols, 
the TOIO test object was used with all field sizes on the 
two systems at à constant input dose-rate of 0.26 uGy/s 
both with fixed viewing distance and with viewing 
distance proportional to the display magnification. 


4 
s rl 
E: | 
= 
8 o? 

| ik 

1 
0.1 1.0 
dose rate [yGys”|] 
(a) 


C. J. Kotre, N. W. Marshall and K. Faulkner 


In addition, measurements of limiting spatial resolu- 
tion for each field size were made using a Huttner type 
18 test pattern placed at 45° to the direction of the TV 
raster lines and viewed from close range. Low tube 
voltage and high tube current were used to produce a 
high-contrast, low-noise image for this test. 


Results 

Figure 1 shows the change in threshold contrast with 
input dose-rate for 11.1 mm diameter details. The 
figures show individual threshold contrast measure- 
ments for the three field sizes on each intensifier as 
symbols, and a curve fitted to the mean of the three 
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Figure 1. Threshold contrasts measured using the N3 test object over a range of input dose-rates for 30 (x), 23 (O) and 
17 CA) em input field diameters (a) and 36 (x), 25 (©) and 15 (A) cm input field diameters (b) of two image intensifier systems 
tested using viewing distances proportional to the display magnification. 
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Figure 2. Contrast-detail curves for 30 ( x ), 23 (O) and 17 (A) em input field diameters (a) and 36 ( x ), 25 (O) and 15 (A) cm 
input fieid diameters (b) of two image intensifier systems tested using the conventional test approach. The example error bar 


represents a range of +1 standard deviation. 
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Figure 3. Contrast-detail curves for the same two systems and field sizes as Fig. 2, Le. 30 (x), 23 (O) and 17 (A) cm input field 
diameters (a) and 36 ( x), 25 (O) and 15 (A) em input field diameters (b), but tested using the alternative approach described in 
this paper. The example error bar represents a range of +1 standard deviation. 


measurements at each dose-rate. The error bars repre- 
sent a range of +1 standard deviation from the mean 
assuming a relative standard deviation of 0.15 (Hay 
et al (1985) quote a relative standard deviation of the 
order of 0.1 to 0.2). The experimental points lie within 
this error range except for the highest dose rate in 
Fig. 1b where the image was starting to saturate. Both 
systems exhibit threshold contrast performance con- 
sistent with quantum noise domination up to about 
0.7 uGy/s. 

Figures 2a and 2b show the contrast-detail curves 
obtained under the conventional test conditions for the 
two image intensifiers. Figures 3a and 3b show the 
results using the alternative test conditions. The results 
of the limiting spatial resolution measurements are given 
in Table I. In Fig. 2, the contrast-detail curves for both 
systems would seem to be consistent with each field size 
having a different level of performance, with the largest 
input field being superior at large detail sizes, and the 
smallest input field being superior at small detail sizes. 
Such a marked change in low-contrast performance 
between field sizes would seem to be unlikely since the 
signal-to-noise ratio for a constant dose-rate should be 
similar for all field sizes on the same image intensifier at 


Table I. Measured limiting spatial resolutions 
mamenn 
30 cm diameter system 














Input field Limiting Limiting 
diameter resolution diameter resolution 
(cm) (Ip/mm) (cm) (Ip/mm) 
30 1.3 36 Y: 

23 1.6 25 1.6 

17 2.0 15 2.2 


LC LEE Lee ANT ORAA POE ERAT 


Val. 65, No. 776 


dose-rates where quantum noise dominates. When the 
visual bias of the observer is kept constant the resulting 
contrast-detail curves show an effectively identical 
performance for all field sizes (Fig. 3). 

Since the dose-rate and relation between viewing 
distance and display magnification have been set to be 
in agreement with those typically operative for the 
DHSS reference performance survey, the results for any 
size of image intensifier should be directly comparable 
to the reference standard using this approach. 


Discussion 

The limiting spatial resolution of an image intensi- 
fier/TV system is directly related to the system point 
spread function (PSF), which is a combination of the 
individual PSFs of the components of the system. The 
major contributions to the system PSF are normally 
made by the TV camera tube and monitor, which there- 
fore limit the spatial resolution of the system (DHSS. 
1982). The PSF of the TV system is unchanged for 
magnified fields, so it might be expected that changing 
the viewing distance in proportion to the magnification 
would alter the shape of the contrast-detail curves 
simply because a closer observer will perceive the system 
PSF as being wider. Since the shape of the normalized 
contrast-detail curves are not significantly changed over 
a wide range of field sizes (Fig. 3), it can be concluded 
that the shape of the contrast-detail curve is only weakly 
affected by the resolution of the system. This conclusion 
is reinforced by the limiting spatial resolution results 
(Table I), which show that there was a difference in the 
limiting spatial resolution measured for the various field 
sizes that was not picked up by the contrast-detail test 
when the bias of the visual system was maintained 
constant. Hay et al (1985) have shown the contrast- 


detail test to be affected by system defocusing for. 


limiting spatial resolutions in the range 0.375—1.45 line- 
pairs/mm, but the results of Fig. 3 suggest that, for the 
higher resolutions typical of modern multifield intensi- 
Ber/TV systems, the sampling aperture of the observer 
can be dominant over the PSF of the system under test. 


Conclusion 

it has been demonstrated that the contrast-detail 
curves for image intensifiers with widely differing input 
field diameters can be normalized to be directly compar- 
able to à common reference standard by maintaining 
constant the visual bias of the observer. This is achieved 
by using test conditions under which the input dose-rate 
and the relation. between the magnification of the 
displayed image and the viewing distance are held 
constant. 

A comparison of contrast-detail curves measured 
under the conventional and alternative test conditions 
shows that features of the curves usually taken as being 
indicative of differences in the limiting spatial resolution 
of the system do not appear when changes in the visual 
bias of the observer are minimized. 
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Abstract. The clinical role of fast neutron therapy has been limited by excessive late normal tissue damage. A pilot study of 
accelerated fractionation of fast neutron therapy was performed, based on the rationale that this should result in an increase in the 
response in acute reacting tissues (normal and malignant), with no change in late damage and a consequent increase in the 
therapeutic ratio. Further accelerated fractionation should improve the local control of rapidly proliferating tumour, without the 
potential problem of inadequate reoxygenation inherent in accelerated photon schedules. 6 or 12 fractions of 62 MeV (p-Be) 
neutrons were given over 12 days to 27 sites in 23 patients with locally advanced tumours. With a dose reduction of 12% (18 Gy), 
acceptable skin and oral mucosa early reactions were obtained. A larger dose reduction (15%) was required at pelvic sites. The 
incidence of late EORTC/RTOG grade 4 toxicity was 46%. The overall response rate was 76% with a complete response rate of 
16%. For locally advanced breast cancer, the complete response rate was 9%, which compares unfavourably with previous results 
with conventional neutron fractionation schedules. The combination of a low overall complete response rate and excessive late 
normal tissue toxicity suggests that accelerated fractionation of fast neutrons does not lead to an improvement in the therapeutic 


ratio, and that late normal tissue damage will continue to be dose limiting. 


Fast neutron therapy has been extensively investigated 
as a potential means of improving local tumour control, 
based on a variety of radiobiological rationales 
(Withers, 1985). The results to date have been contra- 
dictory (Catterall & Bewley, 1979; Duncan et al, 1986) 
and a therapeutic advantage for neutrons may exist in 
only a limited number of sites (Schmitt & Wambersie, 
1990). The major limiting factor in fast neutron therapy 
has been excessive late normal tissue damage (Withers, 
1985; Duncan et al, 1986). It has been suggested that 
this is due to the poor dose distribution resulting from 
the low energy neutron beams used in the earlier studies 
(Griffin et al, 1986) and that the present generation of 
high energy cyclotron-produced neutron beams will 
overcome this problem. However, the results from the 
Fermilab Facility (using a 66 MeV neutron beam) show 
a crude late toxicity rate (EORTC/RTOG grade 3+) of 
18%, and an actuarial complication rate of > 50% at 
7-10 years (Cohen et al, 1989). Recent dose optimiza- 
tion studies at five centres in the USA, using 42-66 MeV 
neutron beams, showed a late toxicity rate (3+) of 
11-24%, at 20/20.4 Gy (Griffin et al, 1990). In the 
neutron arm of the MRC pelvic cancer study, the 
actuarial late grade 3+ toxicity rate at one year was 
24% (Errington et al, 1991), which is consistent with the 
reports from the USA. There is thus considerable doubt 
whether high energy neutron beams will overcome the 
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problem of excessive late damage. This is not due to a 
higher intrinsic neutron relative biological effectiveness 
(RBE) for late as opposed to early damage, since the 
RBEs are similar with the exception of neural tissue 
(Joiner & Field, 1988; Joiner, 1989). It may be explained 
by the clinical use of photons in relatively small 
fractions ( € 2 Gy) leading to a relative sparing of late 
compared with early normal tissue damage (because of a 
differential fractionation response), whereas for 
neutrons there is only a very limited fractionation effect 
(Joiner, 1989) with little sparing of late damage as 
fraction size is reduced (Fowler, 1989). Thus neutrons 
have a higher clinical RBE for late than for early normal 
tissue damage (Fowler, 1989). If neutron therapy is 
given in a shorter overall time than the 4-6 weck 
schedules used hitherto, with fraction size unchanged 
(i.e. accelerated fractionation) there should be an 
increase in early normal tissue response and in tumour 
effect, because of the decreased time for compensatory 
proliferation to occur during treatment. Late normal 
tissue damage should be unchanged since it depends on 
total dose, but not overall time (Fowler, 1988). If total 
dose is reduced to maintain the same acute normal 
tissue response, then late toxicity should be reduced, for 
the same or an increased tumour effect (depending on 
the extent of dose reduction, the radiosensitivity of the 
tumour, and the tumour clonogen proliferation 
kinetics). Studies on pig epidermis have suggested that 
the maximum ratio of acute to late damage by neutrons 
is produced by using a relatively small number of frac- 
tions (6-12) in a short overall time (18 days) (Hopewell 
et al, 1988). 
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It has been postulated that the rapid proliferation of 
tumour clonogens during treatment is an important 
cause of failure to achieve local control at some sites 
(Fowler, 1986; Withers et al, 1988), leading to the use of 
accelerated schedules with overall treatment times 
reduced to as little as 2 weeks (Fowler, 1986). If such 
accelerated radiotherapy is to be given, then neutrons 
have potential advantages compared with photons. 
to reoxygenate hypoxic cells completely. Failure of 
reoxygenation may completely negate the benefits of 
accelerated therapy (Scott, 1990). The lower oxygen 
enhancement ratio (OER) of neutrons should reduce 
this problem (Fowler, 1988). Secondly, with accelerated 
photon schedules, the number of fractions must be 
significantly reduced, otherwise unacceptable late 
normal ussue toxicity will occur. This leads to the 
inconvenient requirement for 20-30 photon fractions in 
2-3 weeks. There is no advantage in giving small 
neutron fractions, and accelerated therapy can be given 
in a small number of fractions (10-12), possibly less 
(Fowler. 1983; Withers, 1987). 

In view of these considerations, we initiated a pilot 
study of accelerated fast neutron therapy in late 1987. 
Most previous experience with neutrons has been with 
12 fractions in 4 weeks (treating 3 times weekly) as used 
in the Hammersmith studies and the present 
MRC/RTOG protocols. The majority of our patients 
received 12 fractions, though a subgroup received 6 
fractions. The overall time was reduced from 4 weeks to 
12 days, as suggested by Fowler (1988). Our initial aim 
was to determine acute tissue tolerance, since although 
acute reactions are not dose limiting with the 4 week 
schedule (Griffin et al, 1990), they might become so with 
the shortened schedule. To avoid an increase in acute 
normal üssue reactions, a dose reduction of 1094 
(Fowler, 1988) to 15% (Hopewell et al, 1988) may be 
needed. Tumour response and late normal tissue toxicity 
were other end points. 


Patients and methods 

Between November 1987 and October 1989, 23 
patients received treatment on 25 occasions to 27 sites. 
Patients were eligible if they had advanced local disease, 
with a low probability of local control with. conven- 
tional therapy, and if they were ineligible for concurrent 
MRC/RTOQG Phase [H neutron trials in head and neck 
and pelvic sites. The presence of asymptomatic metas- 
tatc disease was not an exclusion criterion. All patients 
gave informed consent for entry into the study. 

19 patients were female, and the age ranged from 41 
to 82 years. We accepted patients with tumours of the 
extremities (melanoma-—2; squamous carcinoma--1), 
pelvis (squamous carcinoma of the cervix— |: adenocar- 
cinoma of rectum--]1; squamous carcinoma of the 
rectum— 1), perineum (squamous carcinoma of 
vulva— 1; anus-—-1: urethra—1), head and neck (squa- 
mous carcinoma of oral cavity--2), thorax (squamous 
carcinoma of bronchus--2; mesothelioma--1) and 
breast (adenocarcinoma— 9). Carcinoma of the breast 
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was treated on Il separate occasions (two patients 
having treatment on two occasions). 10 breast tumours 
were T4, and the other an N2 recurrence. All these 
patients had failed hormonal therapy, and all but two 
chemotherapy within the preceding months. Two 
patients had received prior photon radiotherapy to a 
limited part of the treated area, but only the previously 
untreated area was scored for acute tissue toxicity, since 
full skin build-up was avoided in the retreated areas. Of 
27 treated sites, eight had skin ulceration prior to 
treatment. 

Patients were treated using the Clatterbridge 62 MeV 
(p-Be) neutron beam, which has depth dose character- 
istics similar to an 8 MV linear accelerator (Shaw et al, 
1988). 24 sites were treated by single or parallel opposed 
fields, and the remaining patients by three field isocen- 
tric techniques. Dose was defined at maximum build-up 
for single fields, and as an intersectional dose for two or 
more fields. The field sizes used are shown in Table I. 

23 sites (in 20 patients) were treated with 12 fractions 
in 12 days, giving 2 fractions per day, with a minimum 
4h gap, on Monday, Wednesday and Friday (because 
the cyclotron was available for clinical use only 3 days 
per week). Four sites (in four patients) received 6 frac- 
tions in 12 days, treating three times weekly. The doses 
used were based on those used in the current 
MRC/RTOG Phase II studies, i.e. 20.4 Gy/12 fractions 
at head and neck, skin extremity and thoracic sites, and 
19.2 Gy/12 fractions at pelvic sites. Four patients were 
treated at this dose, and the others with varying dose 
reductions (see results) with 18 Gy (— 12% compared 
with 20.4 Gy) being used at 19/27 sites. Dose is defined 
as total (neutron plus photon) dose (Shaw et al, 1988). 

Acute skin reactions were scored according to the 
schema shown in Fig. 1, based on that used by Catterall 
et al (1971). Acute skin reactions were scored at sites 
where full build-up bolus (2 cm tissue equivalent) was 
used. The actual skin dose was derived from the treat- 
ment plan (in 14 patients) or by calculation (in five 
patients). When there was prior ulceration, the acute 
skin reaction was scored for adjacent intact skin only. 
Other normal tissue responses are reported according to 
the EORTC/RTOG schema. Local tumour responses 
are reported according to standard criteria (WHO, 


Table I. Field sizes used 





Field size Number of patients 


All sites Sites at which Sites scored 
(ns 27) acute skin for late 
reactions scored — skin/subcutaneous 
(n = 19) toxicity 
(n 14) 
50-100 6 4 5 
101-200 6 5 l 
201-300 12 7 3 
301-400 2 2 2 
= 40) i I i 
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EORTC/RTOG Skin Reaction 
Equivalent Score 
100% Field 7 
3 t 
> 50% Field 6 on 
Moist 
Desquammatio s 
« 50% Field 5 x XXX 
2 Minimal 4 XX 
ra 
Severe 3 X exx 
Erythema Moderate 2 Xd. hs 


Slight 


DOSE (Gy) 


1979). A complete response was defined as disappear- 
ance of tumour, and complete healing of any ulceration. 
A partial response was defined as a 50% or greater 
reduction in tumour size. 

Survival and late complication rates were calculated 
by actuarial methods (Peto et al, 1977). 


Results 

Acute skin reactions were assessable at 19 sites at 
which the skin dose was known because of the use of 
build-up bolus. This included breast, limb, chest wall, 
head and neck and inguinal skin. The dose given ranged 
from 17.28 Gy (—15% compared with 20.4 Gy) to 
20.4 Gy with 15 sites receiving 18 Gy (— 12%). Peak 
reaction varied from grade 1 to grade 6 (Fig. 1) without 
a clear relationship to dose. At 18 Gy, 9/15 sites (60%) 
developed moist desquamation of some degree. All 
areas of moist desquamation in previously non-ulcer- 
ated skin subsequently healed completely. Perineal skin 
was irradiated to a dose of 18 Gy/12F in one patient 
and moist desquamation of > 50% of the field (grade 
6) occurred, but subsequently healed. 

Oral mucosa was irradiated in two patients 
(18 Gy/12F); one developed spotted mucositis 
(EORTC/RTOG grade 2) and one confluent mucositis 
(EORTC/RTOG grade 3). The oesophagus was irra- 
diated in two patients (18 Gy/12F), one developing a 
grade 2 and the other a grade 3 reaction (requiring 
nasogastric feeding). The pelvis was treated in three 
patients. One who received 19.2 Gy/I2F developed a 
EORTC/RTOG grade 3 acute lower gastro-intestinal 
tract reaction and required intravenous feeding, but 
made a full recovery. Patients treated to 15 Gy/12F 
(—22% compared with 19.2 Gy) and 16.2 Gy ( — 15%) 
developed grade 2 and grade | lower gastro-intestinal 
tract reactions respectively. Symptomatic radiation 
pneumonitis (both grade 2) occurred in 2/9 patients 
receiving significant lung irradiation who survived more 
than 3 months post-treatment. 
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Figure 1. Acute skin reactions in 
relationship to dose and site: x, breast/ 
chest wall; A, limb; @, head and neck; 
Bl. inguinal. Treatment was given in 12 
fractions (3 times weekly, 2 fractions; 
day), except at these sites indicated by an 
arrow, where 6 fractions were given 3 
times weekly. 


Late normal tissue toxicity was defined as that occur- 
ring after more than 3 months. 20 sites in total were 
followed up for more than 3 months, including 14 skin/ 
subcutaneous sites, at all of which the skin dose was 
known because of the use of build-up bolus. Four of 
these sites (29%) developed definite grade 4 toxicity 
(ulceration in all cases). Two sites received 18 Gy/12F, 
one 18 Gy/6F and one 20.4 Gy/12F. At a further four 
sites (three of which received 18 Gy/I2F, and one 
17.28 Gy/6F) there was residual ulceration, without 
obvious residual tumour. Healing ceased in these 
patients, without the progression accompanying ulce- 
ration due to residual tumour. If this is scored as grade 
4 toxicity, then the total grade 4 toxicity rate is 57% 
(8/14). Of eight skin/subcutaneous sites with initial ulce- 
ration, two had histologically proven radiation necrosis, 
four failed to epithelialize, one healed completely, and 
the remaining site was followed up for less than 3 
months. For patients receiving a reduced dose (ie. 
excluding the patient who received 20.4 Gy), the late 
grade 4 toxicity rates calculated as above are 23% and 
54%. Calculation of the cumulative grade 4 toxicity rate 
for all patients receiving a tumour dose to subcutaneous 
tissue (1 = 22) by actuarial analysis (Abratt, 1983) gives 
a grade 4 toxicity rate of 46% if non-healing is con- 
sidered a grade 4 toxicity, or 21% if non-healing cases 
are excluded (with curtailment of the time-failure analy- 
sis when there are five subjects at risk (Altman, 1991)) 
(see Fig. 2). Grade 4 toxicity was not observed in the 
two retreated areas (which did not receive the full dose 
because of the avoidance of bolus). Late toxicity was 
not observed at any other sites. 

Tumour response was assessable at 25 sites (two 
patients being non-assessable owing to early death). 
There were four complete responses (CR) (16%) and 15 
partial responses (PR) (60%) for an overall response 
rate off 76%. The patient response rate (i.e. multiple 
sites treated concurrently are scored together) was 74% 
(2 CR, 15 PR). Sites treated with 12F had a response 
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Figure 2. Probability of developing EORTC/RTOG grade 4 
late toxicity: broken line, non-healing ulcer not scored as grade 
4 toxicity; full line, non-healing ulcer scored as grade 4 toxicity. 


rate of 74% (17/22, 3 CR, 14 PR). For sites receiving 
2 18 Gy, the response rate was 81% (17/21, 4 CR) and 
those receiving 18 Gy, 88% (14/16, 4 CR). The response 
rate for squamous carcinoma was 66% (6/9, 2 CR) and 
for non-squamous carcinoma 81% (13/16, 2 CR). For 
adenocarcinoma of the breast the response rate was 
91% (10/11, 1 CR) but in four cases ulceration failed to 
heal after an initial PR. Subsequent infield progression 
occurred at 3/15 PR, but at none of the sites of a CR. 
Three patients had complete relief of symptoms at the 
treated site, 14 partial relief, seven no change and one 
was not assessable (owing to early death). 

22 patients have subsequently died, with a median 
survival of 6 months (Fig. 3). All deaths were due to 
progressive disease, usually metastatic, though severe 
acute radiation oesophagitis may have contributed to 
the death of one patient with carcinoma of the bronchus 
iG weeks after treatment. 


Discussion 

Accelerated fractionation of fast neutron therapy has 
previously been reported from two other centres. At the 
Hammersmith Hospital a group of patients received 
13.9 Gy(N) in 6 fractions in 12 days, with three treat- 
ments per week (Catterall, 1986). Unfortunately, no 


SURVIVAL (%) 


100 
B0 
AG 
i aue NN 
1 2 
TIME (years) 


Figure 3. Probability of survival from first day of treatment 
with accelerated fast neutron therapy. 
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details of acute normal tissue reactions are reported, 
though it is stated that subcutaneous fibrosis and telan- 
giectasis are less (presumably because 13.9 Gy(N) is an 
11% reduction from the usual Hammersmith dose of 
15.6 Gy(N)). In a second study, patients with advanced 
head and neck cancer received 10-12 Gy of 5.6 MeV 
neutrons in 10 daily fractions in 2 weeks (a 9-25% dose 
reduction compared with their "standard" dose of 
13.2 Gy/20F/4 weeks) (Skolyszewski et al, 1988). Four 
patients received a skin dose of 11-12 Gy/10F and all 
developed an EORTC/RTOG grade 2 reaction (equiva- 
lent to grades 3, 4 and 5 in this paper). We found similar 
skin reactions in our patients at a dose of 18 Gy ( — 12% 
compared with 20.4 Gy), with moist desquamation 
occurring in 60%. Moist desquamation of > 50% of 
the irradiated field (grade 6 in this study; 
EORTC/RTOG grade 3) occurred in 10% of patients 
receiving skin dose of 18 Gy. This compares with 7% 
grade 3 EORTC/RTOG early skin reactions at a dose of 
20 Gy/12F/28 days (Griffin et al, 1990). Thus if a reac- 
tion schedule is shortened from 4 weeks to 12 days, a 
dose reduction of 12% is associated with similar early 
skin reactions. Based on the acute skin reactions, a 
higher dose than 18 Gy might be feasible and indeed 
two patients treated at 19.2 and 20.4 Gy did not develop 
excessive acute reactions. 

The oral mucosal reactions in our patients (grades 2 
and 3 at 18 Gy/I2F) are similar to those reported by 
Skolyszewski et al (1988) (grade 2 at 75-91% of the 4 
week dose). A dose reduction of 10-12% would be 
reasonable if further studies were planned at this site. 

There are no previous data on the use of accelerated 
neutron fractionation in the pelvis, and the bowel toxi- 
city (at 19.2 Gy) shown by one of our patients, in whom 
there was no tumour response, illustrates the dangers if 
high doses are given in this way. Griffin et al (1990) 
report grade 3 pelvic toxicity in 0/31 patients receiving 
20 Gy/12F/4 week and 2/43 at 20.4 Gy. Patients treated 
with 15% and 22% dose reductions did not develop 
severe pelvic toxicity (despite large field sizes in both 
cases). We would recommend an initial dose reduction 
of 1594 as a starting point for further studies. 

Late normal tissue toxicity was only observed at 
skin/subcutaneous sites. The reported incidence of late 
toxicity is dependent on the methods used to assess and 
calculate the toxicity. The major assessment problem 
occurs when the initial tumour is ulcerative, and partial 
healing occurs post-treatment (resulting in a PR being 
scored), but an indolent, non-healing ulcer is left, 
without obvious tumour or progression over several 
months. This difficulty has been noted by others (Griffin 
et al, 1990) and occurred in four of our patients. It 
might be considered that unless a biopsy proves the 
absence of tumour, this should be considered a tumour 
effect and not scored as grade 4 late toxicity. However, 
persistent ulceration is the same to the patient (repre- 
senting a failure of treatment) whether due to tumour or 
treatment. Moreover, in one of our patients a large 
residual ulcer was, on excision, shown to be due to 
radiation necrosis, with a small area of clinically, and 
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surgically, unsuspected residual squamous cell carci- 
noma. Finally, ulceration, neither healing nor 
progressing, is typical of radiation necrosis (Fajardo, 
1982). We concur with Griffin et al (1990) that when 
doubt exists a normal tissue complication. should. be 
scored as a treatment effect. The calculation of the rate 
of late toxicity is affected by early deatbs, and the 
variable latency of late effects (Schultheiss et al, 1986). 
The observed or crude complication rate is the number 
expressing injury divided by the number entered into the 
study. Since late effects are by definition those occurring 
at 3 months or later, we have used the number sur- 
viving 3 months or more in the denominator, giving a 
grade 4 toxicity rate of 57% (and 54% for those 
receiving a reduced dose). Alternatively, failure time 
analysis can be used (Abratt, 1983), but can yield a 
complication rate of 1 if the last surviving patient 
expresses the injury (Schultheiss et al, 1986) (see Fig. 2). 
Curtailment of the analysis when only five subjects are 
at risk (Altman, 1991) obviates the problems and gives, 
in our view, the best esumate of the incidence of late 
toxicity. This leads to an estimated late grade 4 skin/ 
subcutaneous toxicity rate of 46% (or 21% if the 
patients with residual non-healing ulceration are 
excluded). For conventional neutron fractionation, late 
grade 4 toxicity occurs in 9% of extremity sites treated 
to 20 Gy, and 17% at 22 Gy (Griffin et al, 1990). A 
number of factors may have contributed to the excessive 
late toxicity in our study. The advanced nature of the 
disease studied (with extensive normal tissue destruction 
by tumour before treatment} may predispose patients to 
late normal tissue toxicity (Griffin et al, 1990). Secondly, 
the short median survival may have meant that healing 
was not complete in some patients (though in all 
patients with residual ulceration, progressive healing 
had clearly ceased). Finally, contrary to expectations, 
accelerated fractionation may have led to an increased 
incidence of late toxicity. This may be an example of 
consequential late damage (Peters & Kian Ang, 1988), 
as previously described in a study of photon irradiation 
given in 24—27 fractions (2 Gy, three times daily) in 9-11 
days (Peracchia & Salt, 1981). In this studv, the rate of 
late oral mucosa necrosis was 55%. Excessive damage to 
rapidly proliferating clonogens (e.g. in skin or oral 
mucosa) may result in late ulceration because there are 
insufficient surviving clonogens to repopulate the tissue. 
Extensive tissue damage by advanced tumours may 
contribute to this effect. A further factor may have been 
our use of 2 fractions per day 3 days per week with a 
minimum 4 h gap. For accelerated photon schedules, a 
minimum gap of 6 h is recommended to allow for repair 
of sublethal damage in late reacting tissues (Fowler, 
1989). The limited data available for neutrons suggest 
that whilst recovery is much less complete than for 
photons, that which does occur occurs more slowly 
(Field, 1976), implying that a gap of 4 h may be inade- 
quate. If no repair were to occur over the 4 h this would 
be equivalent to giving 6 fractions rather than 12. There 
is a small dose-sparing effect from 4-8 fractions in late 
reacting tissue (kidney) with 62 MeV (p-Be) neutrons 
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(Joiner, 1989) and so an effect is difficult to exiude, 
though is likely to be minimal. Daily fractions as used in 
Poland (Skolyszewski et al, 1988) would be a better 
option. 

The overall response rate of 76% is at first encour- 
aging. However, only four complete responses (1675) 
were obtained and complete response is the relevant end 
point if radical treatment is given. Skolyszewski et al 
(1988) reported 5 CR. and 6 PR in 12 patients (RR 
91%), but 3 of the CR subsequently progressed giving a 
sustained CR rate of 16%, similar to the present study. 
The only site for which directly comparable data using 
the 12F/4 weeks schedule is available is locally advanced 
carcinoma of the breast (Catterall et al, 1987). Using 
7.5 MeV neutrons at a dose of 16.45 Gy (N +4) there 
was a 95% CR rate compared with a CR rate of 9% 
(and PR rate of 82%) in the present study. Regression 
of these tumours can however be slow (Catterall et al, 
1987) and the short overall survival of our patients may 
have led to an underestimate of the CR rate. 
Nonetheless, our fractionation regimen seems unlikely 
to be more effective than the 4 week schedule. 

Our low overall response rate may be partly explained 
by the short overall survival and selection of patients 
with very advanced diseases for the pilot study. Further 
accelerated regimens, with a reduction in total dose, will 
only be of benefit to tumours with short potential 
doubling times; for tumours with longer potential doub- 
ling times, accelerated regimens may be less effective 
because of the reduction in total dose required (Tucker 
& Chan, 1990). We treated a heterogeneous group of 
tumours without selection based on kinetic parameters. 
The use of a 3 day/week schedule may have allowed 
increased time for proliferation or rapidly dividing 
tumours between fractions, diluting the benefit. of 
shortened overall time (Dische & Saunders, 1990). 

In conclusion, we have found that last neutron 
therapy could be given in an accelerated schedule in 12 
fractions in. 12 days with acceptable acute toxicity 
providing a dose reduction of at least 12% (compared 
with the 12F/4 weeks schedule) was made. However, a 
low complete response rate and excessive late normal 
tissue. toxicity suggest limited application for this 
method of treatment, since further dose reductions 
would be required to achieve acceptable late toxicity. 
There is no suggestion of an improved therapeutic ratio 
and accelerated fractions do not, contrary to predic- 
tions, appear to reduce the level of late normal tissue 
damage of neutrons. 
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Abstract. Several reports have described decreased oxygen extraction fractions in tumours relative to those in normal tissues as 
measured with the oxygen-15 steady state technique and positron emission tomography. The present simulation study was carried 
out to assess the influence of tissue heterogeneity on these measured values. It was found that, within the range analyzed, tissue 
heterogeneity always resulted in underestimations of mean values of oxygen extraction fraction. It must, therefore, be concluded 
that the oxygen-15 steady state technique is not an accurate method for the assessment of the oxygen status of tumours. This 
finding should also apply to other pathological conditions, where a significant degree of tissue heterogeneity can not be excluded. 
More generallv, this study demonstrates the need for detailed analyses of sensitivities of tracer kinetic procedures to tissue 


heterogeneity. 


Using positron emission tomography (PET) and the 
oxygen-15 steady state inhalation technique (Jones et al, 
1976; Frackowiak et al, 1980; Lammertsma & Jones, 
1983; Lammertsma et al, 1983), several reports have 
described the measurement of blood flow (BF), blood 
volume (BV), oxygen extraction fraction (OEF) and 
oxygen utilization (MRO,) in both brain tumours (Ito et 
al, 1982; Rhodes et al, 1983; Lammertsma et al, 1985; 
Taki et al, 1985; Mineura et al, 1985, 1986; Tyler et al, 
1987) and body tumours (Beaney et al, 1984; Kairento 
et al, 1985). The striking feature of all these reports was 
that the OEF in tumour tissue was consistently lower 
than that in normal tissue. 

This finding is in contrast to invasive studies where 
generally pO. in tumours was found to be reduced (for a 
review of the literature see Vaupel et al, 1989) due to the 
presence of anoxic or hypoxic cells. As a result of a 
reduced pO, one would have expected an increased 
rather than a reduced OEF. 

It has been shown previously (Lammertsma et al, 
1981a; Herscovitch & Raichle, 1983) that in hetero- 
geneous tissue the oxygen-15 steady state technique 
results in underestimation of mean BF. The present 
simulation study was carried out to investigate if the low 
OEF measured in tumours using PET and the 
oxygen-15 steady state technique could also be 
explained by tisssue heterogeneity, given that high OEF 
areas are a result of low delivery rates of oxygen (i.e. 
low BF) and, therefore, their contribution. could. be 
masked by the signal originating from high flow areas. 
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Methods 

Based on the standard oxygen-15 steady state 
equations (Frackowiak et al, 1980; Lammertsma et al, 
1983) equilibrium tissue concentrations, which would 
result from continuous CO, and “O, inhalation, were 
calculated for given values of BF, OEF and BV. The 
range of values used was based on previously published 
data (Lammertsma et al, 1983). Average tissue concen- 
trations were then calculated for various combinations 
of two different tissues, one of which was taken to have 
good perfusion and normal or low OEF while the other 
was considered to be poorly perfused with increased 
OEF. These average tissue concentrations were in turn 
used to calculate the mean BF, OEF and MRO, that 
would have been measured with the PET scanner for the 
various proportions of high and low flow tissues. These 
calculated values were compared with the actual mean 
values of BF, OEF and MRO.. 

Although, in the steady state technique, it is usually 
assumed that the volume of distribution of water ( V.) is 
unity (Frackowiak et al, 1980), this restriction was not 
applied to the present simulation studies. This was 
necessary, since necrotic areas within tumours would 
represent regions which had a poor effective exchange of 
water between blood and tissue during the time course 
of the study and consequently a low value of V, In 
addition, for the calculations of OEF, non-extracted 
intravascular activity was taken into account as 
described previously (Lammertsma et al, 1983). 


Results 

Typical results from the simulation studies are shown 
in Figs 1 and 2. Fig. | illustrates the effect of a changing 
Fa the only difference between the three graphs being a 
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different V, for the tissue with low BF and high OEF. 
Note that, even for homogeneous tissue, there is under- 
estimation of BF (and MRO,) if V, is less unity. 
However, for homogeneous tissue, measured OEF is 
always correct. Fig. 2 shows some more extreme, but 
possible (Lammertsma et al, 1983), situations where 
both BF and BV of the high flow tissue have been 
varied. Again, OEF is correct if the tissue is homo- 
geneous. However, for a mixture of tissues, an underes- 
imation of mean BF, GEF and consequently MRO, 
can be observed in all cases. Although BV has an effect 
on the calculation of OEF (and MRO,), no underesti- 
mation of mean BV occurs since the relation between 
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Figure 1. Examples of the effects of tissue 
heterogeneity on the calculated values of 
BF (solid line), OEF (dashed line) and 
MRO, (dotted line). Calculated over true 
ratios are plotted as function of the 
fraction of the region with the highest BF 
(tissue 1). All graphs were calculated 
with BF = 0.5 ml/ml/min, V, = 1 ml/ml, 
OEF=0.4 and BV —0.05 ml/ml for 
tissue 1, and BF = 0.1 ml/ml/min, OEF = 
0.9 and BV = 0.01 ml/ml for tissue 2. The 
graphs only differ in the value of V, used 
for tissue 2 (A: V, = 1.0 ml/ml; B: Vy = 
0.5 ml/ml; C: V, = 0.1 mi/ml). Significant 
underestimation of BF, OEF and MRO, 
is apparent for all heterogeneous tissues. 
For homogeneous tissue there is only 
underestimation of BF and MRO, if V, is 
different from 1. 


0.5 "UM 
fraction of tissue 1 


BV and “tissue” concentration of a vascular marker is 
linear. 


Discussion 

The results of the present simulation studies confirm 
previous reports of underestimation of BF (as measured 
with the oxygen-15 steady state technique) in hetero- 
geneous tissue (Lammertsma et al, 1981a; Herscovitch 
& Raichle, 1983) and in homogeneous tissue where V, is 
less than | (Lammertsma et al, 1981b; Herscovitch & 
Raichle, 1983). However, more importantly, in hetero- 
geneous tissue also an underestimation of OEF is 
apparent. Consequently, the underestimation of MRO, 


Figure 2. Examples of the effects of tissue 
heterogeneity on the calculated values of 
BF (solid line), OEF (dashed line) and 
0.5 MRO, (dotted line). Calculated over true 
ratios are plotted as function of the 
fraction of the region with the highest BF 
(tissue 1). All graphs were calculated with 
V, = | ml/ml and OEF = 0.1 for tissue I, 
and BF = 0.1 ml/ml/min, V, = 0.1 ml/ml, 
OEF =0.9 and BV — 0.01 mi/ml for 
tissue 2. The graphs have been calculated 
using different BF and BV values for 
tissue 1 (A: BF = 1.0 ml/ml/min, BV = 
0.05 ml/m; B: BF = 1.0 ml/ml/min, 
BV = 0.50 mi/ml; C: BF = 2.0 mi/ml/min, 
BV = 0.10 mim). Compared with Fig I. 
underestimations are more severe in these 
more extreme situations. 
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is even more severe since it is the product of those for 
BF and OEF. 

The present study was designed to simulate circum- 
stances which are likely to occur in tumours. In all 
simulations one of the two tissues was considered to 
have poor perfusion, while the other had normal or 
increased flow. The well perfused tissue was assumed to 
have a normal V, (for simplicity set to 1) and the poorly 
perfused tissue both a normal and a reduced V, since 
reduced V, could be associated with necrotic tissue. 
Although this would not necessarily be the case in all 
tumours, the present conditions were designed to cover 
the entire possible range. In all cases analyzed, the 
poorly perfused (hypoxic) tissue was assumed to have 
both high OEF (90%) and low BV (1%). OEF in the 
other tissue was assumed to be normal or decreased 
(luxury perfusion) with a normal or increased BV 
(hypervascularity). Again, at least from a biological 
point of view, this would represent the most likely 
situation within a tumour. The uncoupling in the well 
perfused area between BF (high) and OEF (low), which 
is characteristic of tumours, 1s the result of an increased 
rate of glycolysis (Rhodes et al, 1983; Kairento et al, 
1985; Mineura et al, 1985, 1986; Tyler et al, 1987). 

The underestimation of OEF is due to the fact that 
the tissue radioactivity signal is weighted towards the 
contribution from a high flow (delivery) area, which 
most likely will have a low OEF. In the average signal 
high OEF areas are masked due to their low delivery 
rates (low BF). 

Using a new kinetic technique (Lammertsma et al, 
1990) it has recently been shown that in the case of 
breast tumours both BF and V, are higher for the 
tumours than for normal breast tissue (Wilson et al, 
1992). Although these values are not explicitly used in 
the present simulation study, the higher degree of 
heterogeneity within the tumours would still result in a 
higher degree of underestimation of OEF when 
measured with the steady state technique. 

The consistent underestimation of OEF in hetero- 
geneous tissues, as shown in Fig. 1, has serious implica- 
tions for the interpretation of OEF in tumour studies, 
since tumours are known to be more heterogeneous 
than normal tissue (Vaupel et al, 1989). Consequently, 
care should be taken in assigning the previously 
measured low tumour OEF values (Ito et al, 1982; 
Rhodes et al, 1983; Beaney et al, 1984; Kairento et al, 
1985; Lammertsma et al, 1985; Taki et al, 1985; 
Mineura et al, 1985, 1986; Tyler et al, 1987) to luxury 
perfusion within the tumour as a whole. Although it is 
perhaps unlikely that all pixels in all studied tumours 
have a significant degree of tissue heterogeneity, micro- 
scopic heterogeneity beyond the spatial resolution of a 
PET scanner can never be excluded. The present find- 
ings indicate that the oxygen-15 steady state technique 
has only limited value in the assessment of the patho- 
physiology of tumours. More accurate techniques, 
which are less sensitive to tissue heterogeneity, are 
required. Recently, a kinetic technique for the measure- 
ment of tumour BF has been described (Lammertsma et 
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al, 1990) which is far less sensitive to tissue hetero- 
geneity. Similar techniques will have to be developed for 
OEF and MRO, in order to assess with more certainty 
the oxygen status of tumours in vivo. 
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Abstract. In this paper we describe software facilities for enabling patient positioning studies using the megavoltage imaging 
system developed at the Royal Marsden Hospital and Institute of Cancer Research. The study focuses on the use of the system for 
three purposes: patient position verification (by comparing images taken at treatment simulation with megavoltage images taken 
at treatment time); reproducibility studies (by analysing a set of megavoltage images); and set-up correction (by adjusting the set- 
up until the megavoltage image obtained at treatment registers with the simulation image). The need is discussed for suitably 
presented simulator images, a method of determining field boundaries and the possibility of delineating soft-tissue interfaces. 
Several algorithms of different types, developed specifically for the purpose of intercomparison of planar projection images, are 
presented. The techniques employed and their usefulness, in both the qualitative and the quantitative sense, are discussed. The 
results are presented of a phantom and clinical study, to evaluate the rigour and reproducibility of the algorithms. These results 
indicate that measurements can be made to an accuracy of about 1-2 mm, with a similar value for interobserver reproducibility for 


the best image comparison techniques available. 


Recent studies have revealed errors of up to several 
centimetres in patient positioning during radiotherapy 
(Marks etal, 1974; Byhardt etal, 1978; Rabinowitz 
etal, 1985; Lam etal, 1987; Huizenga etal, 1988; 
Graham etal, 1991), a magnitude sufficient. both to 
decrease local control and to increase complications. 
The most commonly employed method of determining 
the correctness of the patient's positioning is to take 
check film images. However, the efficacy of these films is 
severely limited. The image quality is poor, because of 
low contrast and the large amount of scatter. Also, a 
check film has to be removed from the treatment room 
and developed before the image can be viewed. 

With these deficiencies in mind, several groups have 
developed digital X-ray detection systems for use at 
megavoltage energies (see, for example, Baily et al, 1980; 
Meertens etal, 1985; Lam etal, 1986; Leong, 1986; 
Bova etal, 1987; Leong & Stracher, 1987; Wilenzick 
etal, 1987; Cheng etal 1988; Shalev etal, 1988; 
Reinstein etal, 1988; van Herk & Meertens, 1988; 
Shalev et al, 1989; Munro et al, 1990; Wong et al, 1990; 
Antonuk et al, 1991). The intention is that such devices 
will eventually supersede check films. As the images are 
digital, they are readily accessible to computerized 
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image processing techniques. Furthermore, images are 
available within a matter of seconds, rather than 
minutes as with conventional film. 

We have developed a digital megavoltage X-ray 
system of the type described above (Morton & Swindell, 
1987; Morton et al, 1991a). A unique feature of our 
system is the choice of photon detection medium: a 
scanning array of 128 ZnWO, scintillation crystals each 
of which is optically coupled to a silicon photodiode. 
The detective quantum efficiency of such a system is 
very high (> 50%), enabling the formation of an image 
with a relatively small dose (< 1 cGy). However, as the 
device is a scanning system, the total dose delivered to 
the patient is approximately 25 cGy per frame (Morton 
et al. 1991a). The portal scanner is reproducibly placed 
Im from the isocentre of a Philips SL25 linear 
accelerator, ensuring that the megavoltage images all 
have the same magnification and that the scatter com- 
ponent is minimal (Swindell et al, 1991). Full details of 
the design, construction and development of this device 
are given elsewhere (Morton et al, 1991a). 

Here we concentrate on work to establish facilities for 
image comparison using the system. Specifically, a 
library of software tools for patient image analysis has 
been developed. Various qualitative and quantitative 
algorithms have been implemented to enable interimage 
comparison and hence the determination of set-up and 
positioning errors. Analyses obtained from such algo- 
rithms serve three main purposes: first, comparison of 
a megavoltage image with a simulation image enables 
verification of patient positioning relative to the de facto 
standard; second, comparison of a series of images 
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taken at various fractions throughout the course of the 
ireatment regime allows one to establish how reproduc- 
ible is the patient's set-up; and third, if the results 
obtained from such an image comparison process 
conform to the mechanical geometry of the treatment 
machine (e.g. if rotations about the z-axis are calculated 
about the isocentre, etc.) then such results may be used 
to correct the patient’s positioning during the course of 
a particular treatment fraction. Clearly, for such a pro- 
cedure to be practicable, the image comparison process 
must be both accurate and quick, 

This work was implemented on a uVAX H computer 
interfaced to a LEXIDATA 3703 image display system. 

In the following section the specific requirements for 
verification and reproducibility studies using a digital 
imaging system are discussed. In the next section the 
image comparison algorithms are presented, following 
which the usefulness of the methods is considered, along 
with their consistency and ease of use. The conclusions 
drawn from this study are given in the final section. 


General considerations 
Qualitative and quantitative comparison techniques 

Qualitative techniques of image comparison, 
although not providing numerical output, still have 
much use in radiotherapy verification. Analysis of a set 
of images may yield information on the ways in which a 
particular treatment procedure is inadequate. For 
example, it might indicate that there is significant move- 
ment in one degree of freedom yet not in another. 

Quantitative measurement techniques for use in the 
radiotherapy clinic have to satisfy certain. criteria, the 
most fundamental of which is numerical accuracy. If the 
minimum resolvable distance of a measurement system 
is greater in size than the magnitude of the variability of 
the position of the patient, then clearly this variability 
cannot be measured. Our system has a spatial resolution 
of about 3 mm. However, variations smaller than this 
may be observed in the images owing to the fact that the 
human eye is able to average information over several 
pixels. Keported studies suggest that errors of up to 
| cm will be found on a regular basis (e.g. Lam et al, 
1987). 

The inherently poor contrast in megavoltage energy 
images makes the use of algorithms to delineate features 
of interest within the images for automatic analysis 
difficult. Thus we rely on the user to establish the 
features of interest. This further optimizes the speed of 
implementation as required for on-line correction. of 
patient set-up by eliminating the need for complex 
image-registration software. 

The scheme used to implement quantitative. image 
comparison is discussed in the Appendix. 


Treatment simulation images 

For a radiotherapy portal imaging system to be useful 
for treatment verification purposes, a reference image 
has to be available. This will generally be the treatment 
simulation image. We have described previously how we 
obtain X-ray image intensifer images from our treat- 
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ment simulator for incorporation into our imaging 
system (Morton et al, 199] b). We also digitize simulator 
films with a CCD camera and use them in the same 
manner. As our megavoltage scanner is rigidly mounted 
at a distance of 1 m from the isocentre, the pixel size ts 
constant. Thus, all simulator images may easily be 
scaled so that they have the same pixel size and, hence, 
magnification as a megavoltage image. The result is a 
simulator image that is scaled to the dimensions of a 
corresponding megavoltage image. Several other groups 
have discussed the digitization of check film and simu- 
lator images (Leong, 1984; Meetens, 1985; Amols & 
Lowinger, 1987; Grimm et al, 1987). 


Regions of interest 

We have a facility for specifying a region of interest 
(ROI). To draw a region of interest, a cursor is moved 
around the structure to be delineated, tracing out a 
wire-frame diagram. 


Field edge delineation 

The quantity that must be measured when evaluating 
patient set-up is the position of the patient's anatomy 
relative to the field edge, and so, if two images are to be 
compared, as a first step their relative position must be 
adjusted until their field edges coincide. This then 
constitutes the starting point for any measurement of 
patient position and may be achieved by adjusting the 
position of two regions of interest, one corresponding to 
each field outline, until maximal coincidence is achieved. 
Any measurements are made from this starting point. 
This assumes that the absolute positioning of the field is 
unimportant, ie. that the dose distribution remains 
constant for small rotations and translations of the 
collimation system. 

It is clear from the above discussion that the field edge 
must be found. In the case of the simulator images this 
is easily achieved using field-defining wires which indi- 
cate the collimator positioning. A region of interest is 
drawn manually to trace out the field edge of the 
simulator and then superimposed on the megavoltage 
image. The field edge of the megavoltage image is 
determined (as described below) and also superimposed 
on the megavoltage image as a region of interest. The 
operator then adjusts the positioning of the simulator 
field edge until the two field edges coincide maximally. 
The adjustment required to achieve this is never more 
than two pixels. Since the simulator images are obtained 
by placing a film in front of a camera or from an image 
intensifier, neither of whose position need be fixed, the 
above procedure is needed to ensure the simulator field 
edge in the image registers exactly with the expected 
megavoltage image field edge. The rigid fixation of our 
imaging system then enables absolute measurement of 
field edge positioning as well as patient positioning. 

The problem of finding the field edge on a mega- 
voltage image has been discussed in the literature where 
a dual-exposure technique has been presented (Meertens 
et al, 1990a,b). We have tried to establish the field edge 
without the need for dual exposure. The field edge is 
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Figure 1. The field edge, defined at the 50% isodose level, 
determined for a "dogleg" field. Also shown is the use of the 
ruler technique to establish the distance between the vertebral 
column and the field edge. 


defined at the 50% isodose level. We have used a simple 
method based on this to estimate the field edge. The 
brightest region of the image is analysed and the mean 
intensity there deduced and taken as the 100% level. 
The image is then scanned line-by-line and the 50% 
intensity contour established. This contour is then 
turned into a region of interest for further manipulation. 
This method relies on the assumption that the distribu- 
tion of attenuation across the field is uniform. A small 
amount of non-uniformity will still allow accurate 
results, as the 50% level coincides with the steepest part 
of the penumbra cast by the field edge. Hence. a small 
error in the 100% level still yields the same position for 
the contour of the 50% level. In order to determine the 


limitations of this algorithm we have taken a set of 


phantom images corresponding to an extreme 
situation—a set of square fields with a 12 cm thickness 
of Perspex at one end and open field at the other. The 
error on the measured field edge was no more than 
3 mm in the worst case. In practice, however, the calcu- 
lated field size is in agreement with the collimators’ 
prescribed settings to 1.5 mm or better. In Fig. | we 
present a field edge determination using this method for 
a "dogleg" field. This technique has been applied to 
some wedged fields and has yielded results of a similar 
accuracy to the phantom study described above. 


Soft-tissue interfaces 

The apparent positioning of soft-tissue/air and soft- 
tissue/bone interfaces depends critically on the grey- 
scale window of the displayed image. Furthermore, 


Vol. 65, No. 776 


variations in machine output (particularly fluctuations 
across the whole field) mean that à given anatomical 
feature in one image may have a different intensity value 
compared with the corresponding feature in another 
image, a fact that compounds the problem of deter- 
mining soft-tissue interfaces. We have approached this 
problem by applying histogram equalization to each 
image to be measured. The assumption is then made 
that a given anatomical feature has a constant, renor- 
malized intensity in each image. This is only valid if the 
histogram for each image would be the same were the 
intensity values identical, a hypothesis that requires that 
the patient positioning in each image be very similar, if 
not identical. This method is only valid for comparing 
megavoltage images with other megavoltage images, as 
the relative strengths of the Compton scattering. and 
photo-electric interaction processes are different at the 
diagnostic energies used to produce simulation images, 
resulting in different image quality. 


Image analysis algorithms 
Qualitative methods 

Side-by-side. This method involves the display of two 
megavoltage scans, or a megavoltage image and a digi- 
tized simulator image, next to one another. Gross differ- 
ences, such as a large discrepancy in rotation or the 
absence or misplacing of shielding blocks, would be 
recognizable immediately. One may also superimpose a 
chosen region of interest over each image. Deviations 
between the region of interest outline and the images 
would indicate the nature of any set-up errors relative to 
the reference image. This method is included in our 
system as it 1s traditionally employed to compare veri- 
ficauon and simulator film images manually. 

Movies. The human eye is very sensitive to motion 
This property of the eve is exploited. in. the. movie 
procedure. A set of images is displayed, in a temporal 
sequence, at the centre of the image display system's 
screen (Reinstein et al, 1988). Differences in anatomical 
structures and field definition edges between two images 
are vividly perceived as rapid movement. 

Fading between images. In this method two images are 
displayed superimposed over one another in the form of 
a composite image whose neighbouring pixel values 
alternate between those of the first image and those of 
the second image in a "checker board” fashion. 
Furthermore, the pixels determined from the second 
image are given a DC offset so they are written in à 
different part of the LEXIDATA's grey-scale look-up 
table to those from the first image, to enable the two 
components to be windowed independently. The com- 
posite image is then windowed in the following manner: 
as the mean window level for pixels taken from the first 
image increases, the level for pixels from the second 
image decreases and vice versa. Thus, as the windowing 
of the composite image is adjusted, the display visually 
changes from one input image to the other. In between 
these two extremes the two are displaved superimposed 
and with similar brightness. A megavoltage image 
displayed in this manner superimposed on the corre- 
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Quantitative methods 


Distance and angle measurement Conventionally, 


when two images are compared a ruler and a protractor 
are used to measure distances and angles mechanically 
Such facilities are available on our system. To measure a 
distance the operator places a cursor at two points of 
[he distance between these points is then calcu- 
lated. Such a tool may be used to establish the distances 
between and the field 
\ similar facility exists for measuring 
Iwo lines are specified and the angle between 


interesi 


critical. structures edge. for 
example (Fig. 1) 


angies 


them is evaluated 
Feature transposition. Two images are displaved side- 
Dy-side. A point is marked on one image along with the 


corresponding point on the other, using a cursor. This 
repeated until several points of interest 
The centre shift (x, v,). rotation 
(7) and magnification (m, m,) of one image relative to 
then calculated using the formulae 
in Equations l-3 (Appendix) This method 
same results as all of the methods 
low and should indicate unit magnification 

A method similar to 
this has been implemented by Meertens et al (19904), as 
Ihe user-interface of this facility is 
practice, the two 


procedure 1s 
have been indicated 
LAC other are 
presented 
give the 
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should 
lor all images used on our system 


discussed above 


shown in Fig. 3. In Images are 


lisplaced in the v direction to prevent any biasing of 


results 

Region of transposition In this method a 
of interest (obtained from a reference image) is 
superimposed over the image being analysed. The 
trackerball interfaced to the 
LEXIDATA display system to move and rotate the 
ROI until the best registration with the analysed image 
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Figure 3. The graphical user interface of feature transposition 


is achieved. The shift of the ROIs centre and its 
rotation (about the isocentre) are displayed (Fig. 4). 
[his routine enables a quick and simple determination 
of the position of the patient relative to the reference. 
No magnification parameter is incorporated in this 
algorithm at present. However, as pointed out above, all 
images should have the same magnification. 

Movi The philosophy of the movie 
procedure described above has been applied to the 
problem of quantitative measurement. The image to be 
measured and the reference image are displayed in a 
movie consisting of two images that are displayed alter- 
nately at a rate of typically 6 frames per second. During 
the course of the movie, the operator may adjust the 
position of the image to be measured by rotation and 
translation. This ts continued itcratively until the 
leatures of interest, such as bony structures, are seen to 
become stationary as the display oscillates from one 
image to the other. Translations are achieved, in real 


nleasurenient 





Ihe graphical user interface of region of interest 


Figure 4. 
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Figure 5. A difference image display. The top two images are 
under evaluation; the bottom right-hand image 1s à movie (see 
text), and the bottom left-hand image is the difference mage. 
The blue region is to the left of the mediastinum (i.e. on the 
right-hand side of the difTerence image) and the red region is to 
the right of the mediastinum. 


time, by adjusting the position at which the image is 
displayed on the LEXIDATA's screen. All rotations 
have to be carried out using digital resampling and 
hence are slightly slower (typically 3 s). 

Difference images. The reference image and the image 
to be measured are normalized, using histogram equali- 
zation, as above. A pixel-by-pixel subtraction is then 
carried out of one image from the other. If the intensity 
of the first image exceeds that of the second one by more 
than a chosen threshold value, typically 3% of the mean 
image intensity, then the difference image is coloured 
red. Conversely, if the intensity of the second image is 
greater by more than the threshold, then it is coloured 


blue. To enable the observer to relate the positioning of 


these coloured regions to the topology of the original 
images, if the difference is below the threshold value, 
then the intensity of the first image is ascribed to the 
difference image. The two input images are also 
displayed. The operator then adjusts the relative posi- 
tioning of the images until the amount of colour present 
in the anatomical detail within the difference image is 
minimized. This method cannot be used to compare 
megavoltage images with simulator images, as the domi- 
nant photon interaction process is different for the two 
image types, resulting in significantly different relative 
pixel intensities. Figure 5 shows a difference image 
before image position correction and Fig. 6 shows the 
same image once the anatomical detail has been aligned. 

The source size of a radiotherapy linear accelerator is 
typically 2 mm at the 4% radius and the primary colli- 
mation system is of the order of 40 cm from the source. 
Our detector is located 2 m from the source and thus the 
penumbra cast will be of the order of 8 mm. The differ- 
ence image method will automatically highlight block 
positioning and field size errors, even for the highest 
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Figure 6. The corresponding image to Fig. 5 with. maximal 
alignment of anatomy. The coloured regions at the edge of the 
difference image indicate that the collimators now appear in a 
different position and are caused by penumbra. 


threshold settings. because of the large penumbra region 
associated with the edge of such features (see Fig. 6). 


Evaluation 

We grouped the measurement algorithms into two 
categories, depending on whether the information 
provided is of a qualitative or a quantitative nature. Of 
the five quantitative methods presented, four are for the 
intercomparison of two images, whereas the distance, 
angle technique provides information on a single image. 

The intercomparison techniques may readily be veri- 
fied by using them to compare images whose differences 
are known a priori. To this end a humanoid phantom 
was imaged at a set of known rotations, and transverse 
and longitudinal positions, which were obtained by 
adjusting the position of the treatment couch. The 
methods of feature transposition, ROI transposition, 
movie measurement and difference images were applied 
by four observers to measure the differences between a 
reference image and five measurement images. A typical 
set of results for such a measurement is shown in Table 
I. The symbol |ó| in Table I denotes the average of the 
moduli of the difference measurements in x. y and 0 for 
each technique and thus gives an estimate of the error in 
each case. This suggests that the average error in angle is 
far less than 1° and that the average error in x or y is no 
more than | mm. 

Although the above results suggest that all four tech- 
niques fulfil the requirements of accuracy and reliability, 
the use of humanoid phantom images, in the manner 
described above, is somewhat different from the real 
situation encountered in the clinic, in that the phantom 
is always in the same position relative to the treatment 
couch. Hence, a perfect match should always be achiev- 
able simply by rotating and translating the treatment 
couch or treatment head (assuming the gantry to be at 
0). However. the position of a real patient on the 
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Table L A typical observer's results for the measured deviations from the reference image obtained for a set of phantom images. x, 
and y, are tabulated in millimetres and @, is in degrees. "True" denotes the correct difference values. (ôl is the average of the moduli 
of the differences between the values in each column and the correct value; it thus indicates the relative errors associated with each 
method 
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treatment couch will be subject to variations due to 
rotations out of plane and to anatomical movements, 
factors that may make a good match between different 
ireatment-time images improbable, if not impossible. 
Clearly, for a set of real, treatment-time patient images, 
the variations in position between different images is 
unknown. However, reproducibility between observers 
may be tested and is likely to be a good indication of 
accuracy. To this end, the four techniques have been 
applied to the analysis of a set of anterior images 
obtained from a patient being treated in the pelvic 
region. Four observers made measurements of the 
differences between a reference image and three other 
images of this patient. One of the images used is shown 
in Fig. 4. The results obtained are presented in Table II. 
For each pair of images, the last row of Table H lists 
values for the mean deviation and thus is an indicator of 


reproducibility. Clearly, the movie movement technique 
displays the best reproducibility. 

Of the four intercomparison methods, the movie 
measurement technique was found to produce the most 
reproducible results, followed by the difference image. 
then ROI transposition and feature transposition. The 
good reproducibility of the movie measurement pro- 
cedure is brought about by its use of all of the informa- 
tion within the image. Furthermore, it does not require 
user input to create wire-frame diagrams or to choose 
specific points of interest, thus removing potential 
sources of error. For the difference image, because of 
systematic noise (such as vertical streaks caused by 
drifts in detector gain) and a non-standard mode of 
image presentation, it was found necessary to vary the 
amount of shift quite significantly in order for the 
Observer to establish the component of colour informa- 


Table I. Results obtained from the intercomparison of a sequence of clinical images of a patient being treated in the pelvic region 
(sec Fig. 4). Values for the mean deviation obtained from each measurement technique (c) are also presented. x, and y, are in 


millimetres and 9, is in degrees. 
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tion resulting from systematic noise and to determine 
which of the colour information is due to shifts and 
which is due to rotations. Thus, the difference image 
tool was found to be slow to use for evaluating anatom- 
ical shifts. To this end, a movie of the images has been 
added (Figs 5, 6). Owing to the penumbra effect, this 
method is, however, extremely sensitive to small varia- 
tions in field position. 

The field edge detection algorithm was evaluated 
using another set of phantom images, where the field 
size was set to a series of known values. 10 measure- 
ments were taken for each field size. The results indicate 
an error of no greater than one pixel (1.5 mm) and a 
standard deviation of typically no more than 0.5 mm. 

It is not possible to present a numerical evaluation of 
the qualitative tools, so we discuss them subjectively. 
The movie procedure was found to be by far the most 
useful. It provides good visualization of shifts and 
rotations of both anatomical structures and the treat- 
ment field. Furthermore, it is easy to spotlight features 
for measurement using a movie sequence. The side-by- 
side image comparison method was found to be less 
valuable than the two other qualitative methods, unless 
used in conjunction with an ROI. In this case it provides 
a means of detecting image offsets very quickly, unlike 
the movie technique, which requires time to set up the 
sequence of images. Rotations are extremely difficult to 
detect with this method. The process of fading between 
images has been found to be useful when comparing 
megavoltage and simulator images, particularly as the 
simulator images contain information beyond the field 
edge, whereas the megavoltage images do not. 


Summary and conclusions 

In this paper we have presented an evaluation of the 
RMH/ICR megavoltage imaging system for patient 
position reproducibility studies. Various key consider- 
ations pertinent to the use of the system to make 
measurements have been presented: the need to have 
access to simulator images; the problem of finding and 
matching field edges; the delineation of soft-tissue inter- 
faces; the efficacy of using regions of interest; and the 
desirable properties of a quantitative measurement 


procedure. 
Several algorithms for image measurement were 
presented. Four provide image intercomparison 


information: feature transposition, ROI transposition, 
movie measurement, and difference images. Three are 
qualitative: movie, side-by-side, and fading between 
images. A ruler, angle measurement tool was also 
discussed. 

The evaluation of the intercomparison algorithms 
shows that movie measurement, using the whole image, 
was the best method, followed by difference images, 
followed by ROI transposition, typically using the edge 
of a structure, followed by feature transposition, using a 
set of points. Thus, we conclude that the usefulness of 
these algorithms is determined by how much of the 
information content of the images is used. The differ- 
ence image technique is useful for determining shifts in 


Val. 65, No. 776 


megavoltage images, but requires much time to imple- 
ment (typically several minutes compared with 1 min or 
less for the other techniques). It also requires significant 
user familiarity because of its non-standard presentation 
of the image data. 

In conclusion, our megavoltage imaging svstem is 
intended for patient position verification studies. A 
short image acquisition time (« 105) coupled to the 
speed of use of the intercomparison algorithms (no 
more than | min in all but one case) means that, in 
principle, information on patient set-up may be used on- 
line for verification of patient position, with the option 
for correction of this position if required. All of these 
algorithms may be emploved to analyse patient images 
off-line. This is useful for studving the whole course of 
treatment given to a particular patient, in order to 
determine how closely the dose delivered matches the 
treatment plan. The analysis of a series of images should 
also provide valuable information on the accuracy and 
reproducibility of various set-up techniques. We have 
applied the software facilities discussed in this paper to 
patient position verification and reproducibility 
measurements on a day-to-day basis and have acquired 
data on over 200 patients. We have also investigated the 
feasibility of treatment intervention using our system. 
Papers reporting the results of these studies are in 
preparation. 


Appendix 
Quantitative image comparison 

Consider a patient whose orientation we wish to 
determine and compare with that in a projection image 
taken previously (Le. a reference image). Clearly the 
patient has six degrees of freedom (three translational 
and three rotational). A projection image will contain 
information on three of these: two are the position in 
the plane of the image, which we denote by x, and y; and 
one is rotation within the plane of the image (0). The 
differences between the images must then be evaluated 
in order to determine the transformation in x, y; and @, 
required to make the patient's position in each image 
register correctly. 

Information about patient position in. the. plane 
orthogonal to x, y, (denoted by z) is present in the 
image magnification, but a large change in z, is neces- 
sary before magnification changes significantly. 

The x, v, and @, transformations necessary to go from 
the image being measured to the reference image can be 
calculated using simple algebra. 

Rotation is given by the formula: 


X. n( 5). (c9 0), — sin Ü s) d 
y Yi sin 0, cos 0, J V y, 


Translation is given by the formula: 
x’ X, D Ovx. EA 
ao E i ii [o 
e) DGG) e 
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Magnification is given by: 


(* ) d M X m m 0 E 
v 2r yi 0 mJy 


where 0, is the rotation required, x, y, are the trans- 
lations required and m, m, are the necessary magnifica- 
tions in x and v to go from the corresponding co- 
ordinates in the image being measured (x, v) to the 
reference image (x, y^). Equation | defines a left-handed 
rotation such that a clockwise rotation corresponds to a 
positive angle. Analysis of these matrices reveals certain 
important features of the image matching process. In 
general, these operations are non-commutative, the 
exception being when m, m, in which case RM = 
MR. Thus, if these methods are to be used to correct 
patient positioning, the order in which translations, 
rotations and magnifications are corrected is vitally 
important. in our implementations, rotations are 
carried out before translations. 

Previous authors (Meertens et al, 1990a) have deter- 
mined the rotation about, and translation of, the centre 
of gravity of a set of points specified in the images. In 
ihis case, as the centre of rotation remains fixed relative 
io the anatomy and not to the image frame as in the 
discussion above, the operations do, in fact. commute. 
However, we have not adopted this approach for several 
reasons: first, if is not clear exactly what relevance the 
centre of gravity of a set of arbitrarily chosen points 
has. Specifically, the rotation of the patient may be 


established unequivocally, but the centre of rotation of 
the patient will almost certainly not be the centre of 


gravity of these points and, hence, the positional! shift is 
far more difficult to establish. Second, one may wish to 
use the results of a measurement to correct set-up 
parameters on-line. Any correction of patient set-up is 
carried out in the frame of reference of the accelerator, 
thus the translation values required are those to yield 
the correct position if the rotations are carried out 
about a fiducial point, such as the isocentre. The move- 
ment facilities of the treatment head and couch of our 
SL25 accelerator are designed so that the operations of 
translation and rotation commute. However, we present 
the general case here for completeness. 
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Abstract. Computed tomography (CT) scans were performed on a cohort of 60 patients for detection of temporal lobe injury 
(TL) at 1-3.5 years after radiation therapy for nasopharyngeal carcinoma. Nine cases of TLI were identified, five of which were 
asymptomatic, The earliest case of asymptomatic TLI was found at 2.2 years after radiation therapy and the earliest symptomatic 
case at 2.3 years. A significantly higher incidence of TLI was found in patients with decreased temporal lobe shielding consequent 
to omitted eyeshield to the anterior photon beam and in patients treated with a hyperfractionation schedule giving 67.2 Gy in 42 
fractions in 6 weeks. The incidence in these subgroups at 2-3.5 years after radiation therapy was 56% (5/9 patients) and 35% (8/23 
patients), respectively, No patient in this study had TLI in the absence of these two factors. The implications of the results are 


» 


discussed. 


The nasopharynx is inumately related anatomically to 
the sphenoid sinus and the inferior portions of the 
temporal lobes. Part of the temporal lobes are often 
included within the radiation portals for treatment of 
nasopharyngeal carcinoma (NPC). Temporal lobe 
injury (TLD is an important dose-limiting late effect of 
radiation therapy for NPC. The diagnosis of TLI is 
usually reached by computed tomography (CT) or mag- 
netic resonance imaging (MRI) of patients who present 
with symptoms suggestive of cerebral dysfunction on 
follow-up (Lee etal, 1988, 1990). However, the true 
incidence of this dose-limiting complication has 
previously not been established because asymptomatic 
patients with TLI were not included. This information 1s 
important for optimization of therapy when different 
dose-fractionation schedules and treatment techniques 
are compared. 


Method and materials 

This is a preliminary report of a prospective study on 
a cohort of 60 patients with NPC treated by radical 
radiation. therapy at the Department of Clinical 
Oncology, Prince of Wales Hospital, Hong Kong, 
between April 1986 and July 1988. All the patients had 
moderately advanced local disease with either nasal 
extension and/or skull-base involvement. None had 
intracranial extension of tumour. The same radiation 
therapy technique was used for all patients apart from a 
modification for those with anterior extension. of 
tumour. 
Address correspondence to Dr S. F. Leung, Department of 
Clinical Oncology, Prince of Wales Hospital, Shatin, Hong 
Kong. 
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The radiotherapy details have been described 
previously (Ho, 1982). In summary, the primary tumour 
was treated by a three-field plan comprising one anterior 
and two lateral wedged portals using 6 MeV photons 
from a linear accelerator. An anterior 14 MeV electron 
beam was also included for part of the treatment of 
cases with anterior extension of disease, with modifica- 
tion of the weighting of the lateral beams. The superior 


above the roof of the sphenoid sinus, depending on the 
extent of disease (Fig. 1). The eyeshields in the anterior 
portal spared most parts of the temporal lobes from the 
anterior beam, leaving only the inferior and infero- 
medial parts within the target volume (Fig. 1). In nine 
patients the disease extent was such that omission of one 
of the eyeshields in the anterior portal was necessary for - 
adequate tumour coverage. A larger volume of ipsi- 
lateral temporal lobe was consequently included in the 
target volume of these cases. The dose to the temporal 
lobe in this study refers to the dose in those parts of the 
temporal lobes within the target volume that received 
the prescribed tumour dose. 

Two different dose-fractionation schedules were used. 
Thirty-two patients were treated by a conventional 
fractionation schedule (QD schedule) of either 60 Gy in 
24 fractions in 6 weeks or 60 Gy in 26 fractions in 6 
weeks. Twenty-five patients were treated by a hyperfrac- 
tionation schedule (BID schedule), which delivered 
67.2 Gy in 42 fractions in 6 weeks using 1.6 Gy per 
fraction given twice a day 4 h apart, with a 1.5-week rest 
period after 38.4 Gy. The portals were reduced for the 
last 6.4 Gy in the BID schedule with the superior 
borders of the portals lying 1-2 cm below the roof of the 
sphenoid, leaving smaller portions of the temporal lobes 
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Figure 1. Diagrammatic representation of anatomical struc- 
tures and projections of radiation portals as seen on a lateral 
radiograph of the skull. Fine lines outline relevant anatomy 
Bold lines represent borders or projections of radiation portals 
The dotted line represents the inferior limit of temporal lobes 
Legend: a, eyeshields on anterior portal—medial borders 
1.75cm from midline, inferior borders 0.5 cm above inferior 
orbital margins; b, projection of superior border of anterior 
portal; c, superior border of lateral portals; d, sphenoid sinus; 
e, prluitary projection of inlerior limit of 
eyeshields—the volume of temporal lobes below this line lies 
within the target volume; g, maxillary sinus; h, roof of naso- 
pharynx: i, posterior wall of nasopharynx 


fossa; Í. 


within the target volume in this last part of the treat- 
ment. Intracavitary booster doses were given to eight 
patients with residual disease at the nasopharynx | 
month after external radiotherapy. The dose was 24 Gy 
in 3 fractions in 15 days prescribed at | cm from the 
mid-point of the plane of sources. No patient received 
chemotherapy treatment. 


The diagnosis of TLI was based on the observation of 


hypodense shadows in temporal lobe(s) in the absence 
of evidence of recurrent tumour on the cranial CT scan 
The characteristic signs of TLI on the CT scan and the 
factors supporting the diagnosis of TLI have been 
described previously (Lee et al, 1988). To economize on 
resources, the timing of the first scan was randomly 
assigned at 1-3.5 years post-treatment to allow a pre- 
liminary assessment of the time-distribution of asympto- 
matic TLI. Scans were repeated at approximately yearly 
intervals and 1] patients had a scan 10-18 
months after the first at the time of analysis. Patients 
were also scanned whenever they developed symptoms 
suggestive of brain injury. 


SCCL nd 


Results 

Five cases of TLI were identified on the first CT scan 
performed within 3.5 years after radiotherapy for the 60 
patients. All were asymptomatic except one. One of the 
four asymptomatic patients developed symptoms 9 
months after the initial scan. Four more cases of TLI 
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Figure 2. CT scan of a patient with symptomatic tempora 
lobe injury. A hypodense shadow with a finger-like 
ration associated with midline shift is evident 


conheu 


(two symptomatic) were found among the 11 second 
scans performed at 10-18 months after the first. Thus a 
total of nine patients with TLI were identified within 3.5 
years post-treatment, four of whom were symptomatic 





Figure 3. CT scan of a patient with asymptomatic temporal 
lobe injury 


Ihe hypodense area is limited in extent 


All the symptomatic cases had well-developed hypo- 
dense shadows in the white matter of the temporal- 
parietal lobes associated with significant pressure effects 
such as midline shift (Fig. 2). Two patients presented 
with significant deterioration of memory, one with an 
episode of loss of consciousness and the other with 
episodes of a sensation of coldness associated with aura. 
The hypodensities in. asymptomatic cases were on 
average less extensive (Fig. 3), and none was associated 
with midline shift. The earliest case of asymptomatic 
TLI was found at 26.5 months after radiotherapy and 
the earhest symptomatic case at 28 months. This 
suggests that TLI does not manifest within the first 2 
years after a single course of radiotherapy. 

For the purpose of this preliminary analysis, the 
incidence of TLI was computed for the interval 2-3.5 
years after radiotherapy. The overall incidence was 22% 
(9/41 cases). Tables I and H show the correlation of TLI 
with possible contributory factors. A significantly higher 
incidence was found in patients with omitted eyeshield 
to the anterior beam (p = 0.01, Fisher's Exact test). A 
higher incidence approaching statistical significance was 
also found in patients treated by the BID schedule 
(p = 0.05, Fisher's Exact test). In patients with intact 
eye shields, the rates of TLI in the BID schedule and the 
QD schedule were 4/17 and 0/15, respectively, while in 
patients with omitted eyeshields the rates were 4/6 and 
1/3, respectively. This suggests that the two risk factors 
may have an additive effect, although each of the four 
subcategories contains too few patients for useful statis- 
tical comparison. The number of patients with intraca- 
vitary booster or medical problems was also too small 
for interpretation of the significance of these factors. 


Discussion 

The overall incidence of TLI of 22% in the follow-up 
interval between 2 and 3.5 years in the present study is 
alarmingly high. This is, however, not a representative 
figure since there is a great variation in the incidence in 
different subgroups of patients. The complication is 
confined onlv to patients treated by a plan requiring 
decreased temporal lobe shielding and/or hyperfractio- 
nation. In other words, no patient treated by conven- 
tional fractionation with fraction sizes of 2-2.5 Gy by 


Table E Characteristics of patients with TLI 





BID No eye — Intracavitary 
Patient schedule — shield booster Hypertension 
i * 
2 * 
3 $ 
4 * * 
M $ + * 
6 * * 
4 * * 
% * * 
9 * * 
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Table II. Incidence of TLI in different subgroups of patients 





No. of patients 
with CT scan 
between 2 and Incidence of 


3.5 years TLI at 

follow-up 2-3,5 years 
Characteristic (total = 41) follow-up p value 
BID schedule 23 8/23 = 35% 
QD schedule 18 1/18 = 6% 0.05 
Omitted eyeshield 9 5/9 = 56% 
Intact eyeshield 32 4/32 = 13% — 0.01 
Intracavitary booster 4* 1/4 = 25% 
No booster 37 8/37 = 22%  * 
Hypertension/diabetes 2* 1/2 = 50% 


No hypertension/ 


diabetes 39 8/39 = 2199  * 





*Numbers too small for meaningful interpretation. 


the technique in the present study was affected. In a 
retrospective analysis of 9606 NPC patients treated by 
techniques similar to ours, Lee et al found only a 1.6% 
incidence of symptomatic TLI at 9 months to 16 years 
after radiation therapy (Lee et al, 1988). All the affected 
patients in their series had been treated with either large 
fraction sizes or had received more than one course of 
radiation therapy. The results of the present studv and 
Lee's study suggest that for patients treated with frac- 
ton sizes of 2-2.5 Gy, occurrence of TLI as early 
asymptomatic or late symptomatic cases is improbable. 

The high incidence of TLI in patients with omitted 
eyeshield suggests that the complication was related to 
the volume of temporal lobe included within the target 
volume, especially in view that the involved temporal 


Table IH. Estimated biological effective doses (Fowler, 1989) 
to the temporal lobes in different dose schedules 





Assumed 
Assumed repair 
xih half-time 
value (hours) BED 





QD schedule 60 Gy/26 fr/6 wk 3 

QD schedule 60 Gy/24 fr/6 wk 3 

BID schedule 67.2 Gy/42 fr/6 wk 3 

BID schedule 67.2 Gy/42 fr/6 wk 3 2.0 [12 
BID schedule 67.2 Gy/42 fr/6 wk 3 

BID schedule 67,2 Gy/42 fr/6 wk 3 


QD schedule 60 Gy/26 fr/6 wk 
QD schedule 60 Gy/24 fr/6 wk 


1-3 

1.5 
BID schedule 67.2 Gy/42 fr/6 wk 1.5 1.5 150.8 
BID schedule 67.2 Gy/42 fr/6 wk 1.5 2.0 156.8 
BID schedule 67.2 Gy/42 fr/6 wk 1,5 3.0 167.3 
BID schedule 67.2 Gy/42 fr/6 wk 1.5 4.0 174.7 


BED = DU e dii Ah, l/a/B) where BED = biological effective 
dose, D = total dose, d = dose per fraction, A, = incomplete 
repair factor (Thames & Hendry, 1937). 
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lobe was on the same side as the omitted eyeshield in all 
these cases. The higher incidence of TLI in patients 
treated by the BID schedule compared with the QD 
schedule was, however, unexpected. It is known that the 
effect of alteration of fraction size is more profound in 
neural tissue than in other late-reacting tissues. In fact 
one of the rationales of using hyperfractionation is to 
decrease the late damage on dose-limiting organs so that 
the therapeutic ratio can be improved (Thames et al, 
1983). 

In the modified NSD equation for late effects on the 
human brain, several authors have established a value 
for the N exponent in the range of 0.44-0.55 (Cohen & 
Creditor, 1983; Pezner & Archambeau, 1981; Sheline 
et al, 1980; Wigg et al, 1981). Applying the btu equation 
described by Pezner and Archambeau (1981) where 
TD = btu x N°* x 7*9, the btu value of 1119 in the 
BID schedule is /ower than the btu values of 1240 and 
1285 in the QD schedule. Table IH gives a range of the 
esumated biologically effective doses of the BID sche- 
dule and QD schedule based on the linear-quadratic 
formula (Fowler, 1989; Thames et al, 1984; Thames & 
Hendry, 1987). It is apparent that the relative doses of 
the BID and QD schedules would be different for 
different assumed values of x/f! and repair half-times of 
the temporal lobe, although the comparison is compli- 
cated by the fact that the target volume was reduced in 
the last 6.4 Gy of the BID schedule but not in the QD 
schedule. Assuming the validity of the linear-quadratic 
formula, the higher incidence of TLI in the BID sche- 
dule can be explained if the repair half-time of temporal 
lobe tissue is longer than 2 h. The implication is that a 
longer interval between the twice-a-day fractions may be 
crucial in reducing the incidence of TLI. The impor- 
tance of the interfraction interval on late effects has also 
been substantiated by more recent studies of hyperfrac- 
tionated radiotherapy (Cox et al, 1991). 

In an analysis of the results of hyperfractionation 
radiotherapy treatment of 60 NPC patients followed-up 
for 6-7 years, Wang did not encounter any case of brain 
injury (Wang, 1989). The fractionation schedule used by 
Wang was the same as that used in our patients except 
that routine booster doses were given in Wang's series 
but not in our series. The absence of clinical TLI in 
Wang's series is probably attributable to the radio- 
therapy technique used, which gives more sparing of the 
temporal lobes compared with ours. In our experience, 
however, it is difficult to apply Wang's technique to 
limit the dose to the temporal lobe in those patients with 
significant extension of disease to the skull base, since 
the ethmoid sinus and the anterior part of the skull-base 
may not be fully covered in the treatment phase using an 
arc technique. 

The natural history of asymptomatic TLI has not 
been defined. Only one patient in the observation period 
progressed from the asymptomatic to the symptomatic 
phase. The lesser extent of CT scan changes in asympto- 
matic TLI compared with symptomatic TLI suggest that 
the former is likely to represent an early phase of the 
latter, although the time of occurrence of the first 
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asymptomatic case (at 26.5 months) and that of the first 
symptomatic case (at 28 months) were quite similar. 
Two patents in this study developed symptomatic TLI 
at 10 and 12 months, respectively, after an initial normal 
CT scan. This suggests that the duration of the asymp- 
tomatic phase in some patients, if it occurs at all, is 
relatively short. On the other hand, the significant pro- 
portion of asymptomatic TLI compared with sympto- 
matic TLI (ratio 5:4) in this study and the very low 
incidence of symptomatic TLI in other studies would 
suggest that the duration of the asymptomatic phase in 
some patients may be very long or it may not progress 
to the symptomatic phase at all. A longer follow-up is 
required to reveal the evolution and to assess the 
management of asymptomatic TLI. 
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Anal endosonography is a simple, minimally invasive 
technique that can be used to visualize the anal 
sphincters and can be advantageous in evaluating the 
anorectum. The first ultrasonographic studies of the 
human intestinal wall thickness were made many years 
ago (Wild, 1950). Until recently, technical shortcomings 
of the equipment have prevented the clinical use of 
ultrasound as a means of imaging the anal sphincters; so 
disruption of a sphincter was determined from clinical 
examination, pressure studies and by concentric electro- 
myogram mapping. Modern endoprobes give high- 
resolution ultrasound images of the separate sphincter 
muscles (Law & Bartram, 1989). 

When an endoprobe is introduced into the anal canal, 
it is bound to distend the canal to some extent, Different 
groups of investigators have used different sizes of endo- 
probes. We were interested to discover if the larger sizes 
of probes would have any stretching effect on the 
sphincters, altering their thicknesses. For this reason, 
two ultrasound endoprobes of different tip diameter 
were used in evaluating how the thickness of the anal 
sphincters might respond to the stretching effects of the 
probe size. n" 


Materials and methods 

Anal endosonography was conducted on 38 patients 
using two probes: (1) a Bruel & Kjaer 6.5 MHz radial 
rotating endoprobe of maximum tip diameter | cm, and 
(2) a 7 MHz radial rotating endoprobe of maximum tip 
diameter 2 cm (Fig. 1). The 1 em probe tip was fitted 
with a rigid plastic cone filled with degassed water to 
provide protection for the rotating probe and effective 
acoustic coupling within the anal canal. The 2 cm probe 
tip was protected by a disposable latex tube containing 
degassed water. Both endoprobes were used in each 
patient, at the same visit to the hospital. 

Each lubricated endoprobe was inserted into the 
rectum with the patient in the left lateral position and 
serial images were obtained on slow withdrawal of the 
endoprobe from the rectum through the anal canal. 
Video-recordings of the ultrasound scanning were 
obtained for all patients and were stored for further 
analysis and study. Hard copy was acquired on single- 
sided emulsion film and measurements of sphincter 
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thickness were made to +0.2 mm. The smooth muscle 
of the internal anal sphincter (IAS) was clearly identifi- 
able as a homogeneous hypoechoic circular band 
extending caudally to a level just proximal to the anal 
verge. The striated muscle of the external anal sphincter 
(EAS) had a different acoustic texture, with mixed echo- 
genicity and linear pattern, giving a "streaky" appear- 
ance. Between the two sphincters there was a narrow 
echogenic band that represented the intersphincteric 
plane. Immediately adjacent to the endoprobe tip was a 
hypoechoic layer of mucosa, continuous with the rectal 
mucosa. Between the mucosa and the IAS was the more 
echogenic submucosa, which became progressively 
denser and thicker caudally (Fig. 2). It was possible to 
identify clearly the hypoechoic layer of the IAS lying 





Figure 1. The 7 MHz radial rotating endoprobe, maximum tip 
diameter 2 cm. The 6.5 MHz endoprobe had a similar appear- 
ance, but with a | cm diameter. 


ANTERIOR 


External anal sphincter and 
ert longitudinal muscie 


A 


Y 
——— —— Intersphincteric plane 








—— Internal anal sphincter 


ee 


| 
bio SD Submucosa 


Mucosa 


L 
~ 





£ al a a LAAL ADLA i al ad WE 7 
Coccyx 
POSTERIOR 


b 


Figure 2. Diagrammatic representation of the different layers ol 


inal canal as visualized by ultrasonography 


between the structures of the 
and the intersphincteric plane 


ments of the 


two more echogenic 
ubmucosa Measure- 
IAS thickness were thus simple and 
g. 3). On the other hand, the EAS thickness 
measurements were not as easy to acquire since the EAS 
was adjacent to the hyperechoic intersphincteric plane, 
ind therefore there is hardly a distinctive line between 
The solution to this was to 
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Results 

With the | cm endoprobe, results (mean -- 5D) were 
IAS thickness 0.294-0.]] cm. and EAS thickness 
= (.8124-0.15 em. With the 2cm endoprobe, results 
(mean + SD) were IAS thickness 0.22 --0.07 cm. and 
EAS thickness 0.83-- 0.24 cm 

A paired f-test was used for comparing the thick- 
nesses of the anal sphincters in the 38 patients using 
both endoprobes. This showed no difference in the 
measurements of EAS thickness using either endoprobe 
(p > 0.5), whereas the IAS was found to be thinner in 
when measured using the 2 diameter 


appearance 2 cm 
0.0003). 


endoprobe (p 


Discussion 

We have used ultrasonographic demonstration of the 
sphincters in patients with various disease states and 
have measured the thicknesses of both the IAS and EAS 
using two endoprobes 

[he larger 2 cm endoprobe alters the thickness of the 
IAS by about 30%, but had no measurable effect on the 
EAS. We would expect the IAS to be more susceptible 
to stretching than the EAS because of its small size. This 
is approximately 20 times less than the diameter of the 
larger probe used. In addition, the difference resulting 
from stretching may also depend on the IAS smooth 
muscle "elastance" property. On the contrary, the EAS 
striated muscle may be less subject to distension effects 
because of its tonic control, which allows adaptation 

Our conclusion is that a | cm diameter endoprobe is 
preferable for imaging the anal sphincters and for 
measuring their thickness, since it causes less disturb- 
ance than the 2 cm probe. 

As various rectal endoprobes with tip diameters 
ranging from | cm to over 2 cm are in common use, It Is 





(b) 


Figure 3. (a) Anal ultrasonogram using a 6.5 MHz endoprobe ol | cm diameter. Arrow | indicates the hypoechoic IAS; Arrow E 
indicates the hyperechoic EAS. (The coccyx is not visible at this level in the anal canal.) (b) Anal ultrasonogram of the same 


patient as in (a), using the 7 MHz endoprobe of 2 


cm tip diameter, detecting a “thinner” IAS 
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important that the size of the probe used should be 
recorded when reporting anal sphincter measurements. 


Acknowledgments 

Dr M. Papachrysostomou was supported by the Scottish 
Home and Health Department Clinical and Biomedical 
Research Grant (K/MRS/5001202). Miss N. Clare is thanked 
for her technical assistance. 


References 

Law, P. J. & Bartram, C. L, 1989. Anal endosonography— 
technique and normal anatomy. Gastrointestinal Radiology, 
14, 349-353. | 

Wup, J.J., 1950. The use of ultrasonic pulses for the 
measurement of biologic tissues and the detection of tissue 
density changes. Surgery. 27, 183-188. 


Virtual source distances and field geometry independent output factors for 5-14 
MeV electron beams from a Siemens Mevatron M/145 


By J. H. Plane, BA, MSc and M. M. Trevor, BSc, MSc 
Regional Medical Physics Department, South Cleveland Hospital, Marton Road, Middlesbrough, Cleveland 


TS4 3BW, UK 


(Received 30 October 1991 and in revised form 16 March 1992, accepted 7 April 1992) 


Keywords: Virtual source distances, Output factors, Electron beams 


It is well established that an inverse square factor based 

on virtual source distance (VSD) corrects for an air 
pace between the electron applicator and the skin 

face (ICRU, 1972; Almond, 1976). Values of VSD 
ave been measured for electron fields of a Siemens 
vatron M7145. Double scattering foils and collima- 
& above the applicator reduce scatter from the appli- 
or walls. As a result some virtual sources are near to 
he electron window. However, there is some variation 
with energy and field size. 

Output factors for open applicators and those 
containing irregular shaped fields have been measured 
for a range of applicators and irregular areas. The 
output factor for the open applicator is valid for any 
irregular shape within a given range. Possible reasons 
for this effect are discussed. 












Method 

Electrons from a Siemens Mevatron M7145 linear 
accelerator at South Cleveland Hospital were investi- 
gated. The energies of electrons as measured using the 
HPA protocol (HPA, 1985) were 5.0, 7.2, 9.2, 12.0 and 
14.0 MeV. Applicators ranged in size from a 5cm 
diameter circle to 10x 10cm, 15x 15cm, 20x 20cm 
and 25 x 25 cm. 

The method used to measure VSD was described by 
Almond (1976). Ionization readings were made in air 
using a thimble ionization chamber (Type 2571, NE 
Ltd) connected to an electrometer (Type 2570, NE Ltd). 
The chamber was moved using a custom made lead 
screw driven by a stepper motor. The distances from the 
end of the applicator were 0, 5, 10, 15, 20, 25 and 30 em. 
The transmission ionization chamber of the linear 
accelerator was used as a reference. The radiation beam 
was on continuously. Readings were taken by switching 
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the dose meter on for 6s in each position. This gave 
adequate ionization readings up to and including 30 em. 
The automatic frequency control. of the linear 
accelerator stabilized the output and helped maintain 
precision. A graph of reciprocal square root of ioniza- 
tion readings against distance from the end of the 
applicator gave a straight line using linear regression 
(Klevenhagen, 1985). The interecept on the distance axis 
gave the value of VSD. 

The method used to measure the output factor was 
that described by HPA (1985). An ionization chamber 
in a multilayer polystyrene phantom was irradiated. 
Open applicators in contact with the phantom were 
used. Regular and irregular fields were produced using 
the method of Plane and Usher (1990). 


Results 

The values of VSD are shown in Fig. l. For high 
energies at large field sizes the virtual source approaches 
the electron window. At lower energies and smaller field 
sizes the VSD was reduced. 

The relative outputs of electron fields are shown in 
Fig. 2. Each output factor is normalized to the 10 cm 
square open applicator. Fig. 2 shows output factors for 
regular and irregular shaped fields. Irregular shaped 
fields may include or exclude the central axis of the 
applicator. In both cases the output factors are remark- 
ably close to the open applicator. 


Application 

The absence of significant field geometry dependence 
permits considerable simplification of irregular field 
dosimetry. This simplification applies to a Siemens 
Mevatron M7145. An output factor, OF, can be used 
depending only on the size of the applicator and the 
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Figure 1. Virtual source distance against 
area for different applicators and electron 
energy. Bl 5 MeV, A 7 MeV, W 9 MeV, 
€ 12 MeV, * i4 MeV. 
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electron energy. The mean and standard deviation from 
the data in Fig. 2 is 1.033: 0,005. This compares with 
1.030 for the open applicator. The close agreement is 
typical of all data collected in this study. The number of 
monitor units (MU) to be set on the dosimetry system 1s 
calculated from 


NEM " 
Mu = DX 00 x (VSD-rsy x] 


At this centre the radiotherapy prescription defines the 
total dose (D) the number of fractions (n) and thera- 
peutic range. The last parameter is used to select elec- 
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9 MeV, * regular, © irregular. 


tron energy, depth of bolus material and the prescribed 
percentage (p). At the attendance of the patient for the 
first fraction the stand off (s) between the end of the 
applicator and the surface of the entry surface is 
measured. 

Output factors are measured to three decimal places 
but quoted to two decimal places. This does not 
compromise the tolerance level of 2% required by WHO 
(1988). 


Discussion 


In this centre all radiotherapy with electrons 
comprises single straight on fields. Without the pre- 
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requisite of a detailed dose distribution any correction 
for air gap between the end of the applicator and the 
skin is made using VSD. Numerical data derived from 
other centres using accelerators from other manufac- 
turers (e.g. Thomas, 1988) do not strictly apply. 

It has been verified experimentally that the output of 
an open field is not sensitive to the change brought 
about by an electron cut out. An analysis of output 
factors using different areas failed to produce a curvi- 
linear relationship. This is because regular shaped elec- 
tron fields have variable size, shape and position with 
respect to the open area of the applicator. In practice, 
since irregular electron fields display differences in all 
three variables, it is surprising that the output could be 
predicted. It has been the practice in this centre to 
measure experimentally the output factor of each elec- 
tron field based on HPA (1985) protocol. As a conse- 
quence of the above, this practice has been largely 
discontinued and is now confined to a small percentage 
of individual electron fields. 
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Although the radiographic features of neonatal osteo- 
myelitis are well described, spinal localizations are very 
rare and occur in about 2-4%. Clinical presentation 
with paresis and paralysis occurs in less than 1% 
(Resnick & Niwayama, 1988). In the neonate negative 
bone scintigraphy in the presence of bony destruction is 
not inconsistent with osteomyelitis as in the presented 
(Swischuk, 1989). Magnetic resonance imaging 
(MRI) reports of these cases are scarce (Lac ct al, 1990) 
and Gadolinium-DTPA enhanced MRI has not yet 
been described. Our recent experience with this unusual 
but characteristic presentation prompted this report 


Case 


Case report 

A 3-week-old caucasian girl presented with a | week history 
| decreased movements of arms and legs. In the first week of 
life she suffered from paronychia on both hands. In the 2 weeks 
thereafter she had two episodes of limpness. the last one 
causing hospitalization. Neurological examination revealed 
hypotonic and paratic extremities with absent reflexes. There 
was no fever and laboratory findings showed an elevation of 
both sedimentation rate and white blood cell count. Cranial 
ultrasound examination was normal. Radiography of the 
ateral cervical spine (Fig. 1) showed destruction of the body of 
C3. The intervertebral disc. space. at C2-3 was somewhat 
decreased in height. There was a large pre-vertebral mass. 
Non-enhanced coronal and sagittal 7\-weighted MRI (Philips 
Gyroscan 1.5 T; TR/TE, EX: 650/20 2) (Fig. 2a, sagittal image) 
showed absence of the normal low intensity signal of the disc 
spaces C2- 3 and € 3-4. The body of C3 was hardly distinguish- 
able. An inhomogeneous pre-vertebral mass also involving the 
spinal canal was present, the latter compressing and displacing 
the spinal cord posteriorly. The central parts of the masses 
showed low signal intensity areas surrounded by a rim of 
higher signal intensity tissue. Contrast-enhanced (Gadolinium- 
DTPA) coronal and sagittal MRI (650/20/2) (Fig. 2b, sagittal 
image) showed an increase in signal intensity of the abnormal 
masses with the exception of the low signal intensity areas, The 
irea of the body of C3 and the surrounding disc spaces showed 
an increase in signal intensity. Tumour markers for neuro- 
blastoma were negative and bone marrow biopsy showed no 
ibnormality, Bone scintigraphy (“Tc"-MDP) did not show 





Address correspondence to Dr A. Martijn, Department of 
Radiology, University Hospital Groningen, Oostersingel 59, 
9713 EZ Groningen, The Netherlands 


720 


JN August 199] and in revised form 26 November 1991, accepted 14 January 1992) 


increased activity in the cervical spine or elsewhere. The clinical 
presentation and radiological findings were very suggestive of 
osteomyelitis affecting the body of C3 with abscess formation. 
Blood culture and the culture of the biopsy material showed 
Staphylococcus aureus. Conservative treatment with antibiotics 
led to a normalization of the neurological symptoms. 
Follow-up MRI examination showed decreasing abscess size 
and residual changes of the bodies C2, 3 and 4 


Discussion 

Osteomyelitis in the newborn is a seldom encountered 
entity and vertebral involvement occurs in 2-4% of the 
cases. The main sites in the spine are the lower thoracic 
and lumbar vertebrae. In 80-90% Staphylococcus 





Figure 1. Lateral cervical spine X-ray. Destruction of the body 
of C3 with a pre-vertebral mass. Slightly narrowed disc space 
C2-3 
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(a) 


(b) 


Figure 2. Sagittal 7,-weighted MRI (650/20/2) obtained (a) pre- and (b) post-Gadolinium-DTPA at the same window and level 
(W: 1025; L: 416). Abnormal intensity signal of the body of C3 (white asterisk) and the surrounding disc spaces. Inhomogeneous 


mass pre-vertebral and in the spinal canal (between straight black 


(curved black arrow). White arrow: anterior arch C| 


aureus 1s the causative organism (Resnick & Niwayama, 
1988; Swischuk, 1989). In the neonatal period osteo- 
myelitis usually occurs as a sequel of sepsis. usually 
following umbilical catherization | (Swischuk. 
1989). In the present case the sepsis resulted from paro- 
nychia. Vertebral osteomyelitis is most often accom- 
panied by disc space involvement seen as narrowing 
(Resnick & Niwayama, 1988; Swischuk, 1989). In this 
age group disc space involvement, on plain radiography 
is the key to differentiating osteomyelitis from meta- 
static neuroblastoma and histiocytosis X. In these two 
conditions the disc space is not involved. False-negative 
bone scintigraphy is not incompatible with the radio- 
logical findings as in the presented case (Swischuk. 
1989). The findings on the 7,-weighted image in our 
case are consistent with other descriptions in the litera- 
ture with respect to the slightly increased signal intensity 
and the poor discernibility of the vertebral body and 
disc spaces. Similarly the appearances relating to the 
abscess formation do not differ from the literature (Lac 
et al, 1990). However. instead of a 7;-weighted image a 
Gadolinium-DTPA enhanced T,-weighted image was 
made revealing excellent information about the dimen- 
sions of the abscess and the relation of the necrotic areas 


vessel 
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arrows) with compression and displacement of the spinal cord 


to the cervical spine and the spinal cord. In this way we 
combined the exquisite anatomical depiction of the 
T,-weighted image and the maximum effect of the 
contrast medium without the problems of the increased 
signals of oedema on the 7,-weighted image. The first 
episode of limpness may have resulted from rupture of 
the vertebral abscess into the spinal canal giving rise to 
sudden increase of pressure on the spinal cord. The 
second period leading to more constant neurological 
findings suggests progressive growth of the intraspinal 
abscess. 

Although osteomyelitis of the cervical spine in the 
neonatal period is very rare, the clinical examination 
and the lateral radiograph of the cervical spine are the 
first important steps in suggesting this diagnosis. MRI is 
the method of choice for further evaluation. To our 
knowledge this the first report of Gadolinium-DTPA 
enhanced MRI in a neonate with proven cervical spine 
osteomyelitis. 
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Primary patellar neoplasms are uncommon and meta- 
stasis to the patella is rarer still. Very few reports have 
been published in the literature (Stoler & Staple, 1969; 
Keeley, 1973; Gall et al, 1974; Ashby & Dappen, 1976; 
Hussey, 1976; Kwa & Nade, 1989). We present a case of 
primary bronchogenic carcinoma presenting as a huge 
swelling around the knee owing to a metastatic lesion in 
the patella. 


Case report 

A 50-year-old man was seen initially in the orthopaedic clinic 
complaining of pain in the region of the left knee of 2 months 
duration. Detailed questioning revealed a history ol long-term 
smoking together with persistent cough and occasional blood- 
tinged expectoration 

Appetite was diminished and there was some loss of weight. 
Examination revealed 2 cm quadriceps wasting, limitation of 
knee flexion to 110° and tenderness over the anterior aspect of 
the patella. There was a significant effusion. Haemoglobin was 
959%, total leucocyte count 11000 x 10°/litre with 30% 
lymphocytes and the erythrocyte sedimentation rate (ESR) was 
29 mm/h (Westergren); Mantoux test was positive. A presump- 
tive diagnosis of tuberculosis of the knee was made and the 
patient was commenced on anti-tubercular therapy consisting 
of isoniazid, rifampicin and ethambutol. Chest and knee radio- 
graphs were advised but the patient did not return for follow- 
up for 3 months. During this period the knee swelling had 
dramatically increased to a size of 10 cm x 12 cm and the knee 
was fixed in a position of 90° flexion (Fig. 1). A biopsy 
performed by a private practitioner was reported as squamous 
cell carcinoma, and he was referred to the Department of 
Radiotherapy in February 199] 

At this time he had severe pain in the knee and the tumour 
was fungating through the skin. Detailed systemic examination 
revealed an impaired percussion note and diminished breath 
sounds at the base of the right lung below the fifth intercostal 
space. Chest radiographs showed collapse of the nght middle 





Address correspondence to Dr M. S. Dhillon, Assistant 
Professor, Department of Orthopaedics, 1241 Officer's 
Apartments, Sector 24, Chandigarh 160024, India. 


722? 


nee 


and lower lobes as well as a small effusion. Knee radiographs 
showed complete destruction of the patella (Fig. 2). Computed 
tomographic (CT) scans at the level of the knee and patella 
showed complete patellar destruction with only tiny residual 
fragment of bone (Fig. 3). A radionuclide bone scan was not 
available at that time 

Histology of a bronchoscopic biopsy revealed a keratinizing 
squamous cell carcinoma and a review of the patellar biopsy 
showed similar appearances, thus confirming a metastasis. The 
patient was treated by palliative radiation therapy, delivering à 
dose of 30 Gy/10 fractions/2 weeks to the right lung and to the 
left patella. He improved symptomatically but developed low 
back pain on the last day of the external radiotherapy. Lumbar 
spine radiographs revealed collapse of the third lumbar 
vertebra; this was also treated by external radiotherapy 
(800 cGy/single fraction) and the patient was discharged. 


Discussion 
Although the knee is a common site for bone 
tumours, the patella is not usually involved (Ehara et al, 





Figure 1. Photograph showing patellar swelling and flexion 
deformity of the left knee. Note the involvement of overlying 
skin and biopsy scar 
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Figure 2. (a) Lateral radiograph ol the left. knee. showing 


complete destruction of the patella (b) Skvline view of the knee. 


There is extensive destruction and swelling of the left patella 


1989). Kransdorf et al (1989) reported 42 patellar neo- 
plasms, but found no metastatic lesions. Both the above 
series stressed vigilance in cases of anterior knee pain. In 
those cases where patellar destruction is seen on radio- 
graphs, rapid increase in size of the lesion and poorly 


defined margins suggest a metastatic tumour (Kransdorf 


et al. 1989). Only a handful of reports of patellar 
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Figure 3. CT scan at the level of the distal femur and patella 
showing complete destruction of the patella. Only a part of the 
edge of the patella is seen 


metastasis exist in the literature. Keeley (1973) reported 
bilateral patellar metastasis from carcinoma of the male 
breast; subsequent radiographs revealed metastatic 
disease in other bones. Kwa and Nade (1989) described 
a case of patellar metastasis in renal adenocarcinoma, 
which also showed increased uptake in the occiput on 
radionuclide bone scan. Ashby and Dappen (1976) 
reported a patellar metastasis from oesophageal carci- 
noma together with a similar lesion in the scapula, and 
Benedek (1965) described patellar metastasis from bron- 
chogenic carcinoma associated with à second lesion in 
the scalp. In our patient although a diagnosis of patellar 
metastasis was entertained once the lung biopsy showed 
a locally advanced lesion, a radiographic survey ol the 
whole body was not performed. Only when low back 
pain appeared were further radiographs carried out, 
which revealed metastatic deposit in the third lumbar 
vertebra. Patellar metastasis is usually a feature ol 
generalized carcinomatosis when there are sufficient 
tumour emboli in the circulation. Further investigations 
to locate other metastatic lesions are thus mandatory 
The patella is a sesamoid bone with a relatively poor 
vascular supply. consisting of a few nutrient branches 
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from the collateral vessels of the knee; this seldom 
provides sufficient access to tumour emboli for meta- 
static lesions to develop (Goodwin, 1961). 

The management of patellar metastasis depends on 
the size of the lesion. Early deposits without soft-tissue 
extension may well be treated by patellectomy. whereas 
larger lesions with soft-tissue extension require palliative 
external radiotherapy. 
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Lesch-Nyhan syndrome, first described in 1964, is an 
X-linked recessive disorder of purine metabolism. A 
cellular deficiency or absence of the purine salvage 
enzyme hypoguanine phosphoribosyl transferase causes 
purine overproduction and subsequent hyperuricaemia 
and gout. Clinically the syndrome manifests as neuro- 
logical disorders, behavioural disturbances character- 
ized by self mutilation and variable mental retardation. 
In addition, hyperuricaemia results in. the clinical 
features of gout, with gouty arthritis, tophi, urate and 
uric acid nephropathies. 

The previously described renal ultrasonic appearances 
of Lesch-Nyhan syndrome have referred to patients 
after they have received allopurinol therapy. We 
describe a different appearance in a patient with this 
syndrome, prior to treatment. Allopurinol is a xanthine 
oxidase inhibitor and leads to an accumulation of the 
intermediate metabolites xanthine and hypoxanthine. 
Treated patients develop calculi which appear to be 
predominantly formed from xanthine secondary to this 
therapy. 

We report on the case of an infant who presented at 3 
weeks of age with congenital renal failure, who shortly 
afterwards developed the features of acute tophaceous 


gout. The renal ultrasonic appearances at presentation 
were striking and unusual. 


Case report 

A 3-week-old male infant in renal failure was transferred to 
Guy's Hospital. The pregnancy had been unremarkable and 
the appearance of the kidneys on routine obstetric scanning 
was reported as normal. Shortly after birth, he developed 
recurrent vomiting with weight loss and was admitted to his 
local hospital. He was found to be in renal failure, and was 
transferred. 

On admission to Guy's Hospital, the child's plasma urate 
was 2.2 mmol/l (n 0.2-0.43) and creatinine was 804 umol/l. No 
detectable activity of hypoxanthine guanine phosphoribosyl 
transferase was found in intact or lysed erythrocytes, thus 
establishing the diagnosis of Lesch-Nyhan syndrome. On 
admission an abdominal radiograph was normal with no 
evidence of renal tract calcification. The renal ultrasonic 
appearances showed bilateral markedly echogenic cortices. The 
medullary pyramids were echo poor, but contained streaks of 
increased echogenicity (Fig. 1). 


Discussion 


The previously described ultrasonic findings in 
Lesch-Nyhan syndrome have been seen following long 
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Figure 1. Longitudinal scan of the right kidney, demonstrating 
the bright cortex and hypoechoic 
containing bright streaks 


medullary pyramids 


term treatment with allopurinol and in these cases the 
appearances have been of a diffuse increase in the 
medullary echoes, typical of the changes of crystal depo- 
sition, as described by Patriquin and Robitaille (1986) 


To our knowledge the ultrasonographic features of 


untreated Lesch-Nyhan syndrome have not been 
described fully and Kenney (1991) also recently identi- 
fied the lack of reports of ultrasonic 
Lesch-Nyhan syndrome prior to treatment. Holland et 
al (1984) refer to bilateral bright renal echo patterns 


suggestive of crystal nephropathy in their case report of 


a child at presentation with Lesch-Nyhan syndrome, 
and therefore prior to treatment. We have reviewed the 
ultrasonic findings on this child and here too the cortex 
was found to be hyperechoic with sparing of the 
medulla. It would seem likely that the ultrasonic differ- 
ences seen before and alter treatment in Lesch-Nyhan 
syndrome might similarly be seen before and after the 
treatment of adult gouty nephropathy. There appears to 
have been little published regarding the ultrasono- 
graphic appearances of untreated adult gouty nephro- 
pathy, although Tsujimoto and Tada (1985) have 
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features of 


described the appearances of biopsy confirmed renal 
gout and found them to be indistinguishable on ultra- 
sound from medullary nephrocalcinosis 

The striking echogenicity of the cortex in our case is 
similar to that described by Brennan et al (1982) in 
case report of primary hyperoxaluria in infancy, where 
there was marked cortical echogenicity with medullary 
sparing. Assessment of cortical echogenicity can be 
subjective and there are many causes (Rosenfield, 1983) 
however, in common with Brennan's case the cortical 
hyperechogenicity in ours was extreme. Of interest in 
the case described here is the absence of the typical 
bright medulla seen in crystal deposition 
(Patriquin & Robitaille, 1986), although unusual, bright 
streaks within the medulla were seen 

A feature of uric acid deposition is the arousal ol 
marked inflammatory reaction. This occurrs in the 
kidney in a similar fashion as the deposition in joints 
and soft tissues. Although no biopsy was performed in 
the case presented, the untreated infant described by 
Holland et al (1984) had an histologically proven wide- 
spread inflammatory component. It seems likely that the 
ultrasonographic changes we have described may have 
been caused by a combination of crystal deposition and 
interstitial nephritis and the fact that the infant's renal 
failure responded to uricosuric drugs would support 
this. Unfortunately the child returned to the referring 
hospital before follow-up scans could be performed 

We suggest that prior to treatment the appearances ol 
the kidney in Lesch-Nyhan syndrome may be of a 
strikingly hyperechoic cortex with an hypoechoic, 
preserved medulla and the more familiar previously 
described generalized hyperechogenicity may well 
develop only after allopurionol therapy. The ultrasonic 
features described in our case should, therefore, alert 
sonologists to the possibility of crystal nephropathy 
even when the medulla is hypoechoic 


Cases ol 


References 

BRENNAN J., N., Diwan, R. V.. MAKKER, S. P.. CROMER, B. A 
& Betton, E. M., 1982. Ultrasonic diagnosis of primary 
hyperoxaluria in infancy. Radiology, 145, 147-148 

HOLLAND, P. C., Ditton, M. J., PiNcorT, J.. SiMMONDS. H. A 
& BARRATT. |] M.. 1984. Hypoxanthine 
phosphoribosyl transferase deficiency presenting with gout 
and renal failure in infancy 
Childhood, 58, 831-833 

KENNEY. l. J., 1991. Renal sonography in long standing 
Lesch-Nyhan syndrome. Clinical Radiology, 43, 39-41 

PaTRIQUIN, H. & Rositaitte, P.. 1986. Renal 
deposition in. children: Sonographic demonstration of 
Anderson-Carr progression. lmerican 
Roentgenology, 146, 1253-1256 


guanine 


Í MSCÓSCSN In 


Ari hives of 


Ccaiclum 


Journa 


ROSENFIELD, A.T., 1983. Letter: Ultrasonic diagnosis of 
primary hyperoxaluria in infancy. Radiology, 148, 578 

SIMMONDS, H. A.. CAMERON, J. S.. BaRRATT, T. M. DILLON 
M. J., Meapow, S.R. & TROMPETER. R.S.. 1989. Purine 


enzyme defects as a cause of acute renal failure in childhood 
Paediatrii Vephrolog) 3, 433-437 

[suJIMOTO, F. & Tapa, S.. 1985. Ultrasonography of the gouty 
kidney Nippon-leadu- Hoshasen-Gaddai-Zasshi, 45 (7) 
977-81 


1992. The British Journal of Radiology, 65, 726-728 


Small cell carcinoma of the prostate 


Case reports 


By J. Sule-Suso, LMC and A. M. Brunt, MB, MRCP, FRCR 
Department of Clinical Oncology, North Staffordshire Royal Infirmary, Princes Road, Hartshill, 


Stoke-on-Trent, Staffs ST4 7LN, UK 


(Received 12 June 1991 and in revised form 21 October 1991, accepted 14 January 1992) 


Keywords: Small cell carcinoma, Prostate gland 


Primary small cell carcinoma of the prostate gland is a 
rare disease entity with a poor prognosis. Even more 
unusual than primary disease is a metastasis from a lung 
primary (Johnson et al, 1974; Hodge & Carson, 1985). 
We confine ourselves in this paper to primary disease, 
which has to be differentiated clinically from a 
pulmonary metastasis 

Primary small cell carcinoma of the prostate has been 
described as occurring after a diagnosis of adeno- 
carcinoma of the prostate (Schron et al, 1984), as a 
combination of the two histologies at the time of initial 
diagnosis (Tetu et al, 1987) or on its own (Sarma & 
Weilbaecher, 1989). Though it has been suggested that 
small cell carcinoma of the prostate reflects a terminal 
aggressive phase of  adenocarcinomatous disease 
(Schron et al, 1984), the occurrence of "pure" small cell 
carcinoma presents an argument against this in at least a 
proportion of cases (Tetu etal, 1987; Sarma & 
Weilbaecher, 1989). 

The origin of small cell carcinoma of the prostate is 
not clear. It has been suggested that this malignancy 
derives from the argyrophil and argentaffin cells found 
in the normal prostatic epithelium (Wenk et al, 1977). 
However, Schron et al (1984) noted that the small cell 
carcinoma in their three patients developed in associa- 
tion with, and during the course of progression of, 
“normal” prostatic adenocarcinoma. It, therefore, 
appeared to represent the emergence of a different clone 
manifesting the differentiation characteristics of small 
cell carcinoma rather than an entirely separate tumour. 





(a) 


Figure 1. Biopsy sample from a TURP; (a) x 20 magnification 
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This theory of divergent differentiation is an alternative 
explanation of aetiology which has other supporters 
(Vuitch & Mendelsohn, 1981; Jelbart et al, 1988). It is 
possible that both explanations are correct in a propor- 
tion of cases. 

We report a further case of small cell carcinoma of 
the prostate, the first to emanate from the UK. 


Case report 

A 62-year-old man presented in May 1990 with acute urinary 
retention. There were no other significant symptoms except for 
suprapubic pain and dysuria for the prior 2 to 3 weeks. Rectal 
examination revealed an irregular hard enlarged prostate. A 
full haematological and biochemical screen was normal except 
for a mildly lowered serum calcium. It was noted that prostatic 
specific antigen (PSA) and acid phosphatase (PAP) were 
normal. 2 days after admission the patient underwent trans- 
urethral resection of his prostate gland. Histologically there 
was fibromyoepithelial hyperplasia, acute and chronic inflam- 
matory foci of prostatitis and no evidence of neoplasia, 

He was readmitted 2 months later with a large smooth 
swelling apparently arising from the prostate and extending to 
the left pararectal region. His only symptom at the time was a 
mild degree of tenesmus. He had a further transurethral resec- 
tion, histological examination of the prostatic tissue revealed a 
poorly differentiated small cell tumour with hyperchromatic 
pleomorphic nuclei and little cytoplasm (Figs la & b). 
Immunohistochemistry was weakly positive for neurone 


specific enolase and negative for PSA and leukocyte common 
antigen. Appearances were those of a small cell carcinoma. A 
chest radiograph performed at this time was normal. The 
alkaline phosphatase and aspartate transaminase levels were 





, (b) x 100 magnification 


Ihe British Journal of Radiology, August 1992 


Case reports 


slighly raised above the upper end of the normal range. but all 
other routine blood tests were normal. We looked for evidence 
of peptide hormone secretion, but the adrenocorticotrophic 
hormone (ACTH), antidiuretic hormone (ADH) and plasma 
and urine osmolality were normal. 

He was commenced on Vincristine, Adriamycin and 
Cyclophosphamide (VAC) chemotherapy at 3 weekly intervals 
with the intention of consolidating any response with radio- 
therapy. 9 days after the second course of VAC he was 
admitted with a deep venous thrombosis in his left calf. A 
minimal clinical response to the chemotherapy was observed. 
Computed tomographic (CT) scanning of his abdomen and 
pelvis confirmed the presence of a 11 x 12 cm mass involving 
the prostate and rectum. Irregular extraperitoneal extension 
towards the inferior aspect of the right sacro-iliac joint. was 
seen, as was the presence of enlarged left iliac nodes. Chest 
radiographic appearances remained normal. 

A month after his second course of VAC he commenced 
radiotherapy. A large pelvic and perineal field was treated with 
an anterior and posterior opposed pair to 4500 cGy mid-plane 
dose in 25 fractions over 5 weeks. Within 10 days of starting 
radiotherapy a partial response was noted clinically. During 
treatment he became jaundiced and an ultrasound scan identi- 
fied multiple enlarged lymph nodes around the head of the 
pancreas, with common bile duct dilatation. Para-aortic nodes 
were also seen to be enlarged; all these areas had been normal 
on the CT scan a month previously. 

He received palliative radiotherapy of 3000 cGy in 10 frac- 
tions to his porta hepatis. The radiotherapy to his pelvis was 
completed to try and gain local control. Clinically there was a 
complete response of the primary at the end of the 5 weeks of 
radiotherapy. 

A follow-up CT scan was arranged but the patient deterior- 
ated rapidly. He died at home 18 days after completing radio- 
therapy and 34 months after initial presentation with small cell 
_ carcinoma of the prostate. A request for a postmortem exam- 

nation was declined. 















cussion 

The main presenting symptoms of small cell carci- 
hma of the prostate are often those of the local disease; 
Fiysuria, hesitancy of micturition and then urinary reten- 
‘tion (Wenk et al, 1977; Schron et al, 1984; Tetu et al, 
1987: Manson et al, 1989; Sarma & Weilbaecher, 1989). 
Symptoms of systemic disease, such as weakness and 
weight loss, may also be present (Wenk et al, 1977; 
Hindson et al. 1985; Hodge & Carson, 1985; Manson 
et al, 1989). Our patient presented with dysuria, supra- 
pubic pain and then urinary retention, but no systemic 
symptoms. 

Serum PAP levels have been reported as increased, 
even in patients with pure small cell carcinoma (Tetu 
et al, 1987; Sarma & Weilbaecher, 1989). PSA is a more 
recently available serum marker. In the literature we 
have not identified a pure small cell carcinoma of the 
prostate with a raised value. Neither marker was raised 
in our patient. 

In our patient the serum ACTH was normal, less than 
10 pmol/l (normal range 3.3-15.4 pmol/l). ACTH has 
been reported as raised in the serum and found to be 
present at biopsy in tissue of a patient with pure small 
cell carcinoma (Wenk et al, 1977). A case of Cushing’s 
syndrome has been reported in a patient with mixed 
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disease (Schron et al, 1984) but has also been recorded 
in pure adenocarcinoma of the prostate (Hall, 1967; 
Lovern et al, 1975). In our patient ADH was also 
normal, 1.9 pmol/l (range 0.9-4.6 pmol/l). 

Calcitonin, parathormone and bombesin have been 
raised in some cases of small cell carcinoma of the 
prostrate. It has been suggested that assays for these 
should be carried out, if possible, to see if the presence 
of small cell carcinoma of the prostate is suspected 
(Jelbart et al, 1988). 

These findings indicate that neither the usual serum 
markers for adenocarcinoma (PAP, PSA) nor the 
evidence of ectopic production of ACTH can be used to 
differentiate absolutely between adenocarcinoma or 
small cell carcinoma of the prostate. The prognosis of 
patients with small cell carcinoma of the prostate is 
poor. In the largest reported series of 20 cases, the 
longest survivors were two patients alive with disease at 
18 months (Tetu et al, 1987). In nine other reported 
cases the mean survival from diagnosis of the small cell 
component was 3 months, range 0-8 months (Wenk 
et al, 1977; Vuitch & Mendelsohn, 1981; Schron et al, 
1984; Hindson et al, 1985; Manson et al, 1989; Sarma & 
Weilbaecher, 1989). From the available data it is diffi- 
cult to form a definite treatment strategy and one could 
question whether treatment is justified in some patients. 

It would be reasonable to base a treatment strategy 
around the same principles used to manage small cell 
carcinoma of the lung. We attempted this in our patient 
with initial chemotherapy followed by consolidative 
radiotherapy. This was the intention even though the 
disease appeared limited at presentation. More extensive 
staging, such as a CT scan of abdomen and pelvis, bone 
scan and bone marrow aspirate and trephine, could also 
be performed. These investigations are not mandatory, 
but can be performed both as a baseline for future 
comparison and as a way of planning treatment 
strategy. Unfortunately our patient had only a minimal 
response to chemotherapy, a response that is assessed as 
static disease. The responsiveness to radiotherapy was 
encouraging and it suggests that if effective chemo- 
therapy could be found there may be a role for consoli- 
dative radiotherapy. 

Responses to chemotherapy have been noted (Tetu 
etal, 1987). One patient has had a documented 
complete response (Hindson et al, 1985), but with a 
duration of only 2 months. He was treated with VAC. It 
is possible that improved response rates may be 
achieved with other agents, e.g. etoposide and cispla- 
tinum, and it may be reasonable to adopt this approach 
for treatment of this rare and aggressive tumour. 

The only reported use of radiotherapy in the literature 
is from the M. D. Anderson Hospital, where this moda- 
lity was used in the treatment of 6 out of 20 cases (Tetu 
et al, 1987). The precise details and response was not 
documented. The use of a high dose (60-70 Gy) radio- 
therapy has been recommended because of the possible 
admixture of small cell carcinoma and adenocarcinoma 
(Jelbert et al, 1988). Hormonal manipulation, as used 
for treatment of adenocarcinoma of the prostate, cannot 
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be expected to produce a worthwhile response, except 
possibly to an adenocarcinomatous element if present. 

It is not feasible to treat patients with such rare 
tumours on study protocols. However, results of treat- 
ment should be reported to enable clinicians seeing 
isolated cases to try and form a strategy for the indivi- 
dual patient. We believe that it is reasonable to adopt 
whatever approach would be offered to a patient with a 
similar stage of disease and primary tumour in the lung. 
The grim prognosis cannot be overemphasized. 
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A 34-year-old woman presented with a short history of 


painless vaginal bleeding. Her last menstrual period was 
approximately 8 weeks previously and a recent preg- 
nancy test had been positive. She had a history of two 
previous lower segment Caesarean sections. On general 
examination she was mildly shocked. Vaginal examina- 
tion revealed an enlarged dumb-bell shaped 8-10 week 
uterus. The cervix was enlarged, invaginating the 
bladder. The external os was closed. 

An initial diagnosis of incomplete abortion was made 
and pelvic ultrasound was requested. A midline sagittal 
transabdominal ultrasound image is shown (Fig. 1). 

What does the image demonstrate? What diagnoses 
sho: id be considered? How might management be 
influenced? 
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Figure 1. A midline sagittal transabdominal image 
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Ultrasound demonstrates a normal midline cavity 
echo in the body of the uterus. Inferiorly products of 
conception occupy the lower uterine segment and cervix. 
The mass bulges into the bladder. No fetal parts are 
seen and the external os appears closed. No free blood 
was seen in the pouch of Douglas. The diagnoses to 
consider are cervical pregnancy or cervical abortion. 
The former was considered more likely. 

A1 operation products of conception were located in 
the cervical canal. Gentle removal resulted in brisk 
haemorrhage which could not be stemmed. Therefore, 
hysterectomy was performed. The patient made an 
uneventful recovery. Histological examination of the 
resected specimen confirmed a cervical ectopic 
pregnancy. 


Discussion 

Cervical ectopic pregnancy is a rare occurrence with a 
reported incidence of between one per 1000 to one per 
24000 pregnancies (Werber et al, 1983; Lobel et al, 
1990), Predisposing factors — include. previous 
gynaecological surgery and multiparity (Werber et al, 
1983) so as the incidence of Caesarean section and 
other uterine procedures increase, so might the inci- 
dence of cervical implantation. Without pre-operative 
diagnosis, dilatation and curettage for misdiagnosed 
spontaneous abortion is likely to cause life threatening 
haemorrhage or rupture the weakened uterine wall. 
Maternal morbidity. rates of 20-50% have been 
reported (Vas et al, 1984). Emergency hysterectomy 1s 
usually required to achieve haemostasis with obvious 
consequences for future fertility. Clinically, patients 
present as a miscarriage. A clue to the diagnosis is if 
pelvic examination reveals a disproportionately enlarged 
cervix compared with the body of the uterus. Ultrasonic 
findings include a minimally enlarged uterine fundus 
with a swollen and bulging cervical canal containing an 
inhomogenous mass and decidual reaction. Sometimes a 
poorly defined gestation sac is visible (Vas et al, 1984). 
Fetal parts may be detected and, if visible, the internal 
os should appear closed. 

Cervical pregnancy is mimicked very closely by 
cervical abortion, both clinically and ultrasonically. The 
latter is defined as spontaneous abortion of an intra- 
uterine pregnancy into the cervix where the abortus is 
retained by a resistant external os, Vas et al (1984) 
reported four cases of cervical abortion in which the 
endometrial cavity appeared more prominent than with 
cervical pregnancies. Blood clots and products of 
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conception rather than a decidual cast were seen. The 
uterine fundus was larger for the state of gestation, 
giving less of an "hourglass" appearance, and the 
internal os was open. 

Magnetic resonance imaging (MRI) has been used to 
aid diagnosis of cervical pregnancy, complementing 
ultrasound, and confirming the suspicion that implan- 
tation had occurred at the site of a previous Caesarean 
section scar (Bader-Armstrong et al, 1989). Endovaginal 
sonography (EVS) should be expected to provide 
further information in cases of cervical pregnancy due 
to excellent visualization of the cervix. EVS was not 
available at this institution. 

If diagnosed early and accurately, management 
strategies are available to reduce maternal morbidity 
and preserve the uterus. Lobel et a1 (1990) reported two 
cases of cervical pregnancy detected by ultrasound. 
Before termination of pregnancy the uterine arteries 
were successfully embolized using angiographic tech- 
niques. As a result, surgical evacuation was performed 
with minimal haemorrhage. Hysterectomy was not 
required and the patient's potential fertility was 
retained. Other reported managment strategies to 
achieve the same aim include use of feticidal agents 
(Segna et al, 1990), ligation of internal! iliac and uterine 
arteries, circumsuture and intracervical obturator and 
intracervical balloon tamponade (Lobel et al, 1990). 

In this case the patient exhibited signs of shock and it 
was not considered prudent to delay surgery any longer 
than necessary. Also this 34-year-old patient had three 
previous children, so hysterectomy was not as devas- 
tating as for a young nulliparous woman. 
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Spontaneous disappearance of staghorn calculus 


THe Eprrog—5imR, 
| read with interest the report by McGann et al (1991) 

There are earlier reports than theirs of spontaneous disappear 
ance of staghorn calculi. Elliot (1954) reviewed the literature to that 
date and collected 13 cases of spontaneous dissolution of renal 
Not all of these 
fulfilled McGann's criteria, but all involved large stones which 


calculi to which he added a further tour cases 


disappeared without treatment 

| append figures of another case given to me by T. H. Cullen, 
FRCS. Thev show complete disappearance of a large right staghorn 
calculus and partial regression of à left staghorn calculus over 
a period of 4 years and 8 months in an adult female (Figs | & 2). She 
received no treatment 

^s Elliot (1954) commented, "it seems likely that spontaneous 
dissolution of renal calculi occurs more commonly than one might 
expect from the literature" 

Yours ek 
L. SHEPPARD 


Acknowledgment 
| am grateful to T. H. Cullen for the radiographs 


Kettering and District General Hospital, 
Rothwell Road, 

Kettering, 

Northamptonshire NN16 8UZ 


(Received 2 March 1992 and accepted 8 April 1992) 
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Author's reply 


[ur Eprror—Sir 
We are grateful to Dr Sheppard for drawing our attention to Dr 
Elliot's (1954) review of the literature. As acknowledged in Di 
Sheppard's letter, not all of these cases fulfilled the criteria speci 
fied in our report. In particular, the rapidity of dissolution (7 
months) was particularly striking in our case. This has implications 
for the management of patients scheduled for percutaneous neph- 
rolithotomy and emphasizes the need for pre-operative imaging to 
he performed immediately prior to admission for surgery 
Yours ete., 

D. S. GraNi 
Department of Imaging. 
Whittington Hospital, 
Highgate Hill, 
London NI9 5NF 
(Received 19 March 1992 and accepted 8 April 1992) 
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Radiation damage to mouse skin and oesophagus 


Tur EDITOR— SIR, 
| read with great interest the article by Marino et al (1990) and 
would like to dispute some of the statements and conclusions of n 
especially those related to radiation damage to the oesophagus 
Many experimenters either proposed or accepted as true the 
claim that early cumulative mortality of whole thorax-irradiated 
rodents is mainly or entirely due to radiation damage to the 
oesophagus and Marino et al (1990) seem to subscribe to this view 
It has, however, been found by autopsy of all succumbing mice so 
treated followed by light microscopic examination of their thoracic 
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and abdominal organs that radiation-induced ulcerative oesophag- 
iis itself is not a lethal condition, and that only a minority of mice 
which die do so due to complications of oesophagitis (perforation, 
also seen by Phillips & Ross (1974), leading to purulent medi- 
astinitis, pleuritis and/or pericarditis) whereas the majority suc- 
camb as a consequence of aspiration broncho-pneumonia, pneu- 
monitis, and lesions affecting subdiaphragmatic parts of the ali- 
mentary tract (Michalowski. 1981, Michalowski & Hornsey. 1986). 
A lack of close correspondence between radiation damage to the 
oesophagus and mortality was further supported by the findings 
that (1) most of the animal deaths took place after the peak inci- 
dence of oesophagitis at the time when, unless the condition was 
complicated, healing of the oesophagus was well advanced or even 
completed: (2) a single dose of 27 Gy of X-rays which sufficed to 
produce ulcerative oesophagitis in all mice (ED 100) was well 
below LD 50; (3) the mice drank water and consumed some pelleted 
food at all times and their body weight loss never reached life- 
treatening proportions. 

As a minor point of order, the paper by Michalowski and 
Burgin (1982) does not include a statement referred to by Marino 
et al (1990) that “duodenal ulcers (...) and not acute oesophagitis 
would be the mechanism of death”. This has never been our claim 
iMichalowski & Hornsey. 1986). 

Marino et al (1990) did not see gastric or duodenal lesions in 
their mice but they do not specify which 17 mm long segment of the 
oesophagus they were irradiating. In CFLP mice used in the past in 
this institution for studies on early effects of irradiation of the entire 
thorax or well defined parts of it, the oesophagus is approximately 
twice that long, and gastro-duodenal lesions are observed only 
when the lower mediastinum including the distal part of the organ 
(corresponding to, and containing, the thoracic vertebrae T5-T 10) 
is irradiated with single X-ray doses in excess of 14 Gy 
(Michalowski et al, [983b). Irradiation of the upper mediastinum 
including the adjacent segment of the oesophagus of the same 
length (12 mm) never results in duodenal ulcers (ibid) although 
both parts of the organ are equally radiosensitive (Michalowski et 
al, 19834). More recently, duodenal lesions induced in mice by 
wrachation of the lower mediastinum have proved to be a valuable 
and illuminating model of peptic ulcer disease in man (Michalow- 
ski, 1989. Gompertz, 1990; Gompertz et al, 1991). 

A detailed examination. of the entire oesophagus by light 
microscopy coupled with weighing mice daily demonstrated a poor 
correlation between radiation-induced oesophagitis and body weight 
loss (Michalowski & Burgin. 1982; Michalowski et al. 19832) 
arbitrarily assumed by Marino et al (1990) to hold good for their 
study, Changes in animal body weight should not, therefore, be 
relied upon as a means of quanitification of the condition, let alone 
à basis for conclusions concerning cell kinetics of the epithelial 
hning of the oesophagus. 

it is equally. doubtful whether macroscopic lesions in the 
irradiated composite organ such as skin, including erythema and 
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oedema (Le. changes in dermal blood flow and microvascular 
permeability), could be interpreted in the fashion of Marino et al 
(1990) solely in terms of cell kinetics of one of the organ's compo- 
nents, namely, epidermis. 
Yours etc., 
A. MICHALOWSKI 


MRC Cyclotron Unit, 
Hammersmith Hospital, 
London W 12 OHS 


(Received 13 May 199] and in revised form 21 October 1991, 
accepted 10 December 1991) 
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Thie.new legislation—friend or foe (after the White Paper and into Europe) 


Abstracts presented at a meeting organized by the BIR Industry Committee and supported by the European Association of 
Radiology, held at the Scientific Societies Lecture Theatre, New Burlington Place, London W1 on Thursday, 13 June 1991 


Chairman: Professor C. A. Joslin 
Dr O. Craig 
Miss D. Rigg 


The White Paper implications fact from fiction, by J. Rovlance. Abstract not received 
A model of departmental management, by I. Watt. Abstract not received 


What's in it for us? by R. Atkinson 
Sharing services—will it work? by J. N. A. Ridyard 


Role of the supplies organization, by E. Sutherland. Abstract not received 
The impact of the White Paper on the UK radiology market, by R. Meara 


New health service—new industry? by C. Robertson 
Radiology in Europe, by I. Isherwood 


Training for radiotherapists in the UK and Europe, by R. G. B. Evans 
Radiographic training in 1992, by P. Richardson. Abstract not received 
Training for radiographers in radiotherapy, by S. Williams. Abstract not received 


What's in it for us? 

B. Atkinson 

Norfolk and Norwich Hospital, Brunswick Road, Norwich NRI 
JSR, UK 

A review of the financial effects on a radiology department in a 
district general hospital was given and the positive effects of the 
White paper were discussed. These financial implications were 
related to particular situations which had arisen at the Norfolk 
and Norwich Hospital. GP fundholding is often seen as a 
threat to many but, infact, it can be viewed as an opportunity 
to expand the service provided by the radiology department. It 
was proposed that GP fundholders should be targeted in order 
to ensure that there was some flexibility within the budget; that 
one should be proactive in looking for opportunities to expand 
in service by increasing income as this is likely to be the only 
real opportunity in "The New World". 1991 was a challenging 
time to be around. There were no problems: only solutions. 


Sharing services—will it work? 
J. N. A. Ridyard 
Lanmark, PO Box 37, Beaconsfield, Bucks HP9 2LR 


The recent White Paper and the ensuing legislation has altered 
the nature of the provision of services between hospitals. The 
financial implications have to be understood fully. Cross 
charging for interhospital services is supposed to create a more 
cost effective environment and enable resources to be acquired 
and used in the most efficient way. Expensive capital equipment 
has historically been difficult to fund from within the NHS. 
Even when the capital element could be found from outside 
sources, the revenue consequences were large and also had to 
be provisional from outside since NHS funds were unavailable. 
Such equipment was therefore initially positioned at locations 
which were geographically isolated and patients were moved as 
necessary to the equipment and the necessary clinical resource. 
Large waiting lists and inconvenience to patients were a 
common result of this policy. Lack of a means of cross 
charging for services meant that there was no benefit registered 
to hospitals who were able to give a service and others without 
the facility were able to take advantage of this and obtain 
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"free" services. Budgets were therefore difficult to balance 
correctly and improvements by additional healthcare services 
difficult to justify. Although many facilities depend upon local 
availability of clinical support, many non-acute cases can be 
served by mobile equipment which is scheduled to be on-site 
for only 1 day per week or even just | day per month. This is an 
excellent way of avoiding under-utilization of equipment and 
enables all hospital sites to have a local facility without the 
need for large expenditure of capital, extra space allocation and 
specialized staff costs. When comparisons are made, fixed site 
vs. mobile facilities are surprisingly similar in operating costs. 
The need to refer elsewhere or use older procedures which are 
slower or less clinically advisable can thus be avoided at a 
viable cost which can easily be budgetted for. Sharing services 
by mobile equipment is not new in radiology, and mass chest 
screening and mammography are well known examples. 
Computed tomography was introduced in the USA in 1977, 
but is required on an emergency basis for accident and 
emergency departments and therefore cannot be satisfactorily 
used in a mobile mode where availability is scheduled. 
Magnetic resonance imaging is, however, an ideal candidate for 
mobile use since the majority of clinical applications allow a 
scheduled availability. The technical difficulties have been 
solved and a reliable service is no problem. Several such 
systems are now operating in the UK within the private sector. 
The NHS has also used these services while building up their 
own facility. Cardiac catheterization promises a similar benefit 
since clinicians do not require full local support services on site 
when using modern techniques. The long waiting lists for 
patients requiring catheterization presents severe patient risk 
and a mobile service could reduce this waiting list as well as 
make the service far more convenient at similar costs to fixed 
site installations. The financial implications of any expensive 
capital equipment are surprisingly similar. If a 5 year lifetime is 
assumed and a total capital budget of £1 million, including 
building and equipment, the capital repayment represents 
about 40% of annual costs, interest. and insurance costs 
another 24% while maintenance of the equipment and building 
or mobile trailer 16%. Administration and other costs add 
about 20%. Staff costs are additional, but a mobile service with 
radiographer support can be made available on a daily charge 
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rate of about £2500 for the above example. This is £250 per 
patient if 10 patients per day can be referred. Therefore, there 
are many opportunities for sharing services in the new 
environment within the NHS. We can increase the utilization 
of high cost capital equipment, minimize transport costs for 
patients and reduce waiting lists. Facilities can be made 
available sooner and staff trained in their use prior to acquiring 
local equipment or during an upgrade or building programme. 
However, in order to ensure smooth functioning of such a 
mobile service, the system must integrate with the hospital 
operation and be seen as a genuine NHS service by all 
concerned. 


The impact of the White Paper on the UK radiology 
market 

R. Meara 

Jovnings, Seven Hills Road, Cobham, Surrey KT11 IET 


Four key changes arising from the NHS and Community Care 
Act can be identified. They are (1) the introduction of capital 
charges; (2) devolved management responsibilities and the 
independence of Trusts; (3) GP fundholders and the changing 
role of the acute general hospital; and (4) the management of 
service departments. Capital charges will force managers to 
look harder at purchasing expensive equipment and will require 
a much tougher business case to be made. If a purchase is 
made, it will have to justify itself in income gained and will 
have to be used more intensively, during evenings and 
weekends. Trusts will have greater freedom to purchase outside 
established channels and will seek to reach deals with 
manufacturers direct, Local maintenance of equipment may 
give way to a wider use of service contracts but these will be 
expected to deliver better value for money against more 
precisely specified quality standards. The importance of GP 
fundholders lies in the shift of care from the secondary to the 
primary setting. This will lead to more treatment being 
undertaken in health centres and community hospitals. 
Manufacturers should respond with small scale technology 
suited to these settings. Finally, is it reasonable to assume that 
the management of radiology departments will always remain 
in-house? The X-ray department houses the most costly 
collection of equipment in the hospital and the departmental 
manager will have to be prepared to make those assets work 
hard for the hospital. Some functions could be contracted out 
to other hospitals on a shared-asset-basis, or to a mobile 
facility. A facilities management approach may offer lower and 
more flexible overheads. These changes offer both threats and 
opportunities to those working in the UK radiology market. 
Those with the best information and analysis about their 
customers and competitors are most likely to survive. 


“New health service—new industry?” 
C. W. Robertson 
Private Technical Consultant Maidenhead, Berkshire, UK 


The radiological equipment supply industry in the UK must 
necessarily be geared to the prevailing requirements of its 
customers and to the economic and legislative climate in which 
it operates. Major developments are taking place in both these 
determining factors, but the precise effects of the changes are 
difficult to predict. The paper discusses, speculatively, the 
effects that NHS reforms may have on the market environment 
and the extent to which EEC legislation may create conditions 
in the UK with which suppliers and users alike are at present 
unfamiliar. One of the main questions considered is whether 
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the NHS reforms, by generating an element of internal 
competition for the provision of healthcare services to/specified 
standards of quality, would be likely to increase the rate at 
which equipment is replaced when it becomes outmoded or 
relatively expensive to maintain. 


Radiology in Europe 

L Isherwood 

Department of Diagnostic Radiology, The Medical School, 
Oxford Road, Manchester M13 9PT 


In 1992 the single European Act will be implemented in the 12 
nations of the European community. These states have a total 
population of over 320 million and approximately 600 000 
doctors, but represent only part of the Europe for which the 
European Association of Radiology (EAR) has responsibilities. 
The EAR is not a society but a federation, representing all 27 
national societies of radiology in a Europe which extends from 
the Urals to the Atlantic and from the Arctic to the Mediter- 
ranean, The EAR is especially concerned with establishing and 
maintaining the highest radiological educational standards 
throughout Europe. A European College of Radiological 
Education (EUCORE) is to be established to encourage and 
advise on standards of training in both teaching programmes 
and teaching departments and to coordinate. continuing 
education and continuing assessment programmes on a 
European basis. The importance of this activity in relation to 
Eastern. Europe cannot be overemphasized. Collaboration 
between EAR and the EC on educational matters is crucial. 
There are many aspects of EC activity which are likely to 
influence radiological practice throughout Europe. These 
include professional opportunities for practice, the 
standardization and applications of information technology, 
drug regulations—including approval for and purchase of 
pharmaceutical products including contrast media, basic 
science and research-—particularly in multinational activities, 
ethical aspects of medical practice at both national and 
international levels, medico-legal activities and the effects of a 
social charter on employees within the health service. The EAR 
has a most important role in monitoring and coordinating the 
effects of EC activity to ensure that the wider interests of 
European radiology are protected. 


Training for radiotherapists in the UK and Europe 


R. G. B. Evans 
Warden of the Faculty of Clinical Oncology, The Royal 
Callege of Radiologists 


The aims of the Royal College of Radiologists (RCR) are 
described in its supplemental charter and include the 
furtherance of instruction and training in radiology and the 
conduct of examinations and award of certificates and 
diplomas. For the speciality of radiotherapy, including clinical 
oncology, this task is delegated to the Warden of the Faculty of 
Clinical Oncology and the education board of the faculty. 
Education ts conducted by attendance at approved courses. 
Training is undertaken at a local level, standards being 
monitored by the RCR through the post-graduate education 
advisers, and may take place only in departments which have 
been approved for training by the RCR through its visit panel. 
Finally, the quality of training ts assured by passing the 
qualification of Fellowship of the RCR. In order to make it 
easier for persons to pursue activities as self-employed persons, 
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medical directives. have been issued by the EC which are 
concerned with the mutual recognition of formal qualifications 
and depend upon the harmonization of training conditions, 
including minimum periods of training, at both undergraduate 
and post-graduate levels. The advisory committee on medical 
training as made a number of important recommendations, 
including regulation. of the number of doctors in higher 
training, supervision and approval by a competent authority, 
and assessment by a suitable examination or report. In this 
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respect the work of the RCR is a paradigm for many of the 
goals of the EC. A questionnaire conducted by ESTRO shows 
varying degrees of uniformity apropos national teaching 
programmes, their organization, checking the outcome and the 


requirement or not of examinations. This year, agreement was 


reached on a minimum curriculum, in radiotherapy, which may 
raise the standards in some countries in the EC, Finally, some 
remaining problems were touched on, including the existence of 
substantial unemployment among doctors in the EC. 
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Book reviews 


Introduction to Radiobiology. By M. Tubiana, J. Dutreix and A. 
Wambersie. Translated by D. K. Bewley, pp. 371, 1990 (Taylor 
& Francis, Hampshire), £50.00 and £19.00 (paperback). 

ISBN 0-85066-763-.] 

This volume represents a translation, with some updating, of a 
successful book Radiobiolagie that was first published in 
French in 1986. The book would be of particular value to 
trainees in radiotherapy and would also provide à useful 
introduction to the subject for biologists/radiobiologists 
entering this field. of cancer research. It will also be of 
considerable value to teachers in the field. The two 
mniroductory chapters deal with the initial physical and 
chemical effects of radiation. clearly and concisely. The 
subsequent chapters build up in a logical way involving 
radiation effects on DNA, chromosomes, cell and tissues 
(normal tissues and tumours). The response of tumours 
includes a particularly valuable chapter on hypoxic cells and 
their significance for the success or failure of radiotherapy 
treatment. Cnven the importance of understanding dose 
iracuonation in radiotherapy the chapter set aside for this 
problem is perhaps surprisingly brief. However, it does give the 
reader an insight into the history of the development of dose 
fractionation models and like other chapters is well referenced 
so that the reader may delve more deeply into the subject if 
required. 

The book provides a good overview of the field and puts the 
science of radiobiology into a clearly defined clinical context. 
At a cost of only £19.00 for the paperback edition it is 
extremely well worth buying and very good value for money. 

J. W. HOPEWELL 


The Visible Human Body: an Atlas of Sectional Anatomy. By G. 
Von Hagens, L. J. Romrell, M. H. Ross and K. Tiedemann, 
pp. ix + 150, 1990 (Lea & Febiger UK Ltd, Kent), £23.00. 
ISBN 0-8121-1269-5 

This atlas of sectional anatomy is a beautifully presented book 
depicting the body in sagittal, coronal and transverse sections. 
li follows many others that have appeared in recent years but 
the preparation. of specimens is, in this case, different. The 
specimens themselves, once produced, have been plastinated 
where water and lipids have been removed from the tissue 
sections and replaced with cured epoxy polymers. Also the 
prepared sections are very thin and the plastination process has 
resulted in enhanced contrast and sharper definition of 
structure when compared with the more traditional methods of 
producing sections of the human body. The photography 
thereafter employed to produce the illustrations is of high 
quality, although in some of the sagittal sections the 
colouration is rather dark. 

The atlas is in seven parts and each region of the human 
body is examined and studied in turn, commencing with the 
head and neck and leading through to the upper extremity, the 
thorax, the abdomen, the male pelvis and perineum, the female 
pelvis and perineum and finally the lower extremity. The 
number of sagittal and coronal sections is not extensive but the 
iransverse sections are serial and extend through the whole 
region and are studied in a most detailed fashion. Each 
Hlustration is extensively and accurately labelled and in itself 
the atlas is an excellent reference book for undergraduates or 
postgraduates studying anatomy in this modality. In certain 
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areas an illustration is accompanied by one or more 
radiograph, computed tomography scan (CT) and/or magnetic 
resonance image (MRI). The index is extensive and is a useful 
search facility. 

For a book so beautifully produced and presented I think the 
major criticism must be that each section of the body is not 
accompanied by a CT scan, an MRI image and a radiograph. 
This would allow direct comparison of the three types of image 
available for comparison with the human body slices. This 
would be particularly useful for postgraduates studying 
radiology or a health care specialist seeking a basic 
understanding of sectional anatomy, Several other works 
include a comparison of the new technologies that do exist in 
clinical medicine and relate them directly to the anatomical 
specimens. 

I think this atlas may well have a place in a reference library 
or in the specialist library of a relevant specialist department. 
With the restriction in teaching time for undergraduate and 
gross anatomy, ] fear it is probably too detailed to be included 
as a recommended text although again it may well be used as a 
reference text. The atlas does, however, prove quite 
conclusively that plastination has a role to play in the 
preservation of human tissue specimens for use in teaching at 
both undergraduate and postgraduate levels. 

D. I. LEwis-JoNES 


Easily Missed Fractures and Corner Signs In Radiology. By 
H.O. Riddervold, pp.xii--400, 1991 (Futura Publishing 
Company, Mount Kisco, NY), $150.00. 

ISBN 0-87993—502-2 

This 400 page text book is essentially an atlas of trauma 
radiology with the content almost entirely confined to the plain 
film. The seven chapters cover the various anatomical sites in a 
conventional manner; the skull and face, the spine etc. The 
exception is the first chapter, written by an American lawyer, 
entitled Radiology Malpractice in the Emergency Room. Some 
of the advice given is peculiar to American practices but may, 
in due course, become the norm in Europe. 

The emphasis in the remaining chapters is on the subtle signs 
of trauma with the "corner signs" in the title referring to 
abnormalities present at the periphery of a film which, over 
here, might be more easily recognized as an "edge of film" 
diagnosis. While most of the examples are well illustrated, 
particularly m view of the discrete signs of the abnormality, 
there are a few cases, such as the clavicular fracture identified 
on a skull film, which say more about the radiographic coning 
than the skill of the radiologist. Each chapter commences with 
a couple of pages of text, half a dozen references and suggested 
reading followed by numerous figures. This approach means 
that for the individual radiologist or department this book, on 
its own, is not an adequate bench book on trauma radiology. 
Examples of minor deficiencies include the lack of mention of 
associated vertebral fractures with depressed — calcaneal 
fractures and, in the same context, the mention of Bohler's 
angle without an explanation. of how it is obtained. 
Nevertheless this book will be of value to trainee radiologists in 
that, with only a few hours study, they will have seen a large 
spectrum of fractures; but the cost may deter many. 

A. M. Davies 
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Because of the morbidity and mortality associated with 
radiation myelopathy, radiation injury to the spinal 
cord has been the subject of more clinical reports than 
any other normal-tissue injury. The spinal cord is 
perhaps second only to skin as the organ most 
frequently studied by radiobiologists. Its response has 
been investigated in mice, rats, cats, guinea pigs, rabbits, 
pigs, dogs, and rhesus monkeys-—virtually every labora- 
tory animal species. Given this level of attention, it is 
surprising what is not known about the radiation 
response of the spinal cord. Relatively few animal 
studies have been performed on the effect of cytotoxic 
drugs on the radiation response of the spinal cord, the 
age effects, the effects of blood pressure or other physio- 
logical conditions that are controllable in the labora- 
tory, or the relative response of various anatomical 
levels of the spinal cord. In addition to these unresolved 
factors, the dose response in the human is still poorly 
defined. However, as a result of the attention this injury 
has received, substantial information is available on the 
diagnosis, pathogenesis and dose fractionation depen- 
dence. This review seeks to establish the facts, expose 
the myths and define the issues still in dispute regarding 
radiation-induced myelopathy. 


Signs and symptoms 

Although several attempts have been made to cate- 
gorize different syndromes in radiation myelopathy 
(Innes & Carsten, 1962; Reagan et al, 1968; Schultheiss 
et al, 1988; Stephens et al, 1983; van der Kogel, 1977b; 
Verity, 1968; Zeman & Samorajaski, 1971), the various 
signs and symptoms can occur in almost any combina- 
tion, depending on the location and severity of the 
lesion. Symptoms may progress at various rates, even 
for a specific patient. (One atypical case of which we are 
aware was stable with mild symptoms for 17 years 
before a sudden onset of complete paralysis.) Generally, 
the first signs are hardly noticed by the patient. These 
may include unilateral sensory deficit and diminished 
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temperature sensation, clumsiness, lower extremity 
weakness and decrease in proprioception. By the time 
the patient complains of symptoms, the symptoms will 
have intensified in severity and could also include signs 
such as changes in gait and difficulty in walking, hemi- 
paresis, Brown-Sequard syndrome, spasticity, pain, 
weakness, hyperreflexia and various degrees of incon- 
tinence. Babinski signs are common. Although it 
is usually associated with transient myelopathy, 
L'hermitte's syndrome accompanies the late developing 
symptoms of permanent myelopathy more often than is 
generally appreciated (Dynes, 1960). There is usually an 
ascending progression of signs or symptoms that can 
stabilize at any level up to complete quadriplegia, 
depending on the anatomical level that was irradiated 
(Holdorff, 1980). These symptoms are often indis- 
tinguishable from acute febrile polyneuritis (Guillain- 
Barré syndrome). Some objective recovery may occur, 
but any recovery is usually more subjective and is not 
generally permanent. Neurological symptoms are some- 
times initiated by a fall or some other trauma, and the 
myelopathy progresses from that point. 

Again, no specific symptoms are characteristic. of 
radiation myelopathy only. This myelopathy is indis- 
tinguishable from many other myelopathies that are a 
result of, or involve, demyelinauon. No effective treat- 
ment has been found, although symptoms related to 
swelling from inflammation may respond to cortico- 
steroids (Godwin-Austen et al, 1975). 

The prognosis of a radiation myelopathy patient 
depends primarily on two factors: the degree to which 
the lesion transects the cord (Holdorff, 1980) and the 
anatomical level of the lesion (Schultheiss et al, 1986). 
Complete transection of the cord at any level is a poor 
prognostic sign, and as the level of the lesion moves 
superiorly, the prognosis deteriorates. These findings are 
not peculiar to radiation myelopathy but apply to any 
traumatic myelopathy. The actuarial mortality from 
radiation myelopathy is 55% at 18 months for cervical 
cord injury and 25% at 18 months for thoracic injury 
(Schultheiss et al, 1986). As in traumatic myelopathy, 
the younger patient has a better prognosis than older 
patients with radiation myelopathy. 
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Diagnosis 

The diagnosis of radiation myelopathy is always by a 
process of exclusion. However, even when myelograms, 
computed tomography (CT) scans, magnetic resonance 
imaging (MRI) scans, and plain radiographs are nega- 
tive for tumour or other aetiology, both the sympto- 
matic presentation and the spinal cord dose must still be 
consistent. with radiation myelopathy before this diag- 
nosis is accepted. Just because no other reason is found 
to explain the patient's symptoms, one should not adopt 
a diagnosis of radiation myelopathy as a substitute for 
an unexplained myelopathy (Zulch & Oeser, 1974; 
Abadir, 1980). Just as there are no pathognomonic 
lesions for radiation injury to the spinal cord, diagnostic 
tests can at most determine the location and extent of 
injury to the spinal cord but not its cause. 

A negative myelogram is almost a requirement for a 
diagnosis of radiation myelopathy, except that diffuse 
spinal cord enlargement has been reported (Lechevalier 
et al, 1973; Marty & Minckler, 1973; Kitamura et al, 
1979; Worthington, 1979). Wang et al (1992) reported 
10 cases of radiation myelopathy imaged with magnetic 
resonance. Of eight cases examined 2-8 months after 
onset of symptoms, they noted spinal cord swelling in 
six cases and low intensity on T -weighted images and 
high signal intensity on 7,-weighted images in eight 
cases. Diffuse atrophy was found in two cases examined 
36 and 53 months after onset of symptoms. Swelling of 
the spinal cord (sometimes producing a complete myelo- 
graphic block) has been associated with particularly 
poor prognosis in the cases in which it has been reported 
(Worthington. 1979). Lymphocytes and moderately 
elevated total protein are commonly found in the 
cerebrospinal fluid (CSF) of radiation myelopathy cases. 
Elevated myelin basic protein is a less consistent finding. 
Measurements of nerve conduction velocitics show 
slowed spinal conduction or complete blocks (Dorfman 
et al, 1982: Snooks & Swash, 1985). 

In making a diagnosis of radiation myelopathy, one 
should recognize that in an adult, the latency is rarely 
less than 6 months from the completion of radiation. If 
the latency is shorter than 6 months, particularly in 
patients that have received low doses ( « 50 Gy in 25 
fractions), one should look for alternative diagnoses 
(including unknown causes), mistakes in dosimetry or 
factors that could have reduced the patient’s radiation 
tolerance. Paraneoplastic syndromes often have symp- 
toms in common with radiation myelopathy and may be 
more common in patients who receive radiation 
therapy. This diagnosis should be considered especially 
in lymphomas and lung cancer (Feldmann & Posner, 
1986; Chouchair, 1991). Both the grey and white matter 
can be affected by these syndromes, but the grey matter 
lesions give a somewhat different presentation 
(Chouchair, 1991). 

Pathologv and pathogenesis 

No pathognomonic characteristics have been identi- 
fied for the lesions of radiation injury of the central 
nervous system (CNS). Like many diseases and other 
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forms of injury, radiation shows a predilection for the 
involvement of white matter. Selective damage to the 
grey matter would eliminate radiation as the causative 
agent of injury. The white matter is composed of nerve 
fibres, an inconspicuous vasculature and glial cells. A 
nerve fibre is an axon surrounded by cytoplasmic 
processes of oligodendrocytes that form a concentric 
myelin sheath. Loss of myelin (demyelination) from 
individual nerve fibres and necrosis (malacia) of groups 
of nerve fibres are common expressions of white matter 
injury, regardless of the aetiology. Accordingly, demye- 
lination and malacia are the consistent and dominant 
morphological features of clinical and experimentally 
induced radiation myelopathy. 

Although damage and loss of nerve fibres are inevi- 
table components of lesions in symptomatic cases, the 
responses of the vasculature and glial cells are highly 
variable and, as a result, add controversy to the inter- 
pretation of the pathogenesis. The lack of invariant 
morphological changes resulting from radiation of the 
CNS is a reflection of the similarities between CNS 
radiation responses and reactions of the CNS to other 
causes of damage. These responses are complex and 
extend beyond the cells that are killed by the initial 
insult. Some reactions to injury are directed at repair or 
compensation, while other responses may actually 
contribute to the damage. 

Since our interpretation of the pathogenesis is based 
on morphological observations, we will begin by 
describing the lesions encountered in the irradiated 
spinal cord. The description of the lesions is based on 
our secondary analysis of the microscopic findings in 
approximately 60 human cases (Schultheiss et al, 1988), 
direct observation of autopsy material and our experi- 
mental work on non-human primates (Stephens et al, 
1983; Schultheiss et al, 1990) To augment these 
observations, we have scrutinized the pertinent reviews 
of clinical material by Fajardo (1982), Rubenstein 
(1972) and Zeman and Samorajski (1971), and experi- 
mental studies by Hopewell (1979), Hopewell et al 
(1987), Myers et al (1986), Rubin et al (1988), van der 
Kogel (1980, 1986, 1991b) and others that will be speci- 
fied when we address the pathogenesis. 


Pathology 

Grossly, the radiation damaged spinal cord may be 
swollen or atrophic, and the sectioned cord may have 
areas that are discoloured by necrosis and haemorrhage. 
However, it is by histopathological examination. that 
radiation myelopathy is confirmed and best character- 
ized. Pathological studies of the irradiated spinal cord 
are generally restricted to those cases that are sympto- 
matic with neurologic dysfunction. As a result, the 
available clinical material represents only the more 
advanced expressions of damage. Animal studies have 
provided a broader picture of the lesions by affording 
the opportunity to view milder degrees of injury and, to 
some extent, they have helped clarify some of the 
relationships between the changes and such factors as 
time, dose, fractionation, etc. 


The British Journal of Radiology, September 1992 


Radiation myelopathy 


Consistent features in all human cases and in animal 
models are one or more of the white matter lesions that 
are listed in an estimated order of increasing severity in 
Table I. (Note, this order does not reflect a possible 
temporal sequence of these lesions.) Our judgement of 
severity is strictly related to morphology and not neces- 
sarily to morbidity. Clinical consequences are more 
related to the extent, size and location of the lesions 
than to specific morphology. The standard terminology 
of neuropathology used to describe these alterations 
does not need to be redefined to apply it to radiation 
myelopathy. Schultheiss et al (1988) have categorized 
the radiation myelopathy lesions observed in autopsy 
material. A Type I lesion involves only the white matter 
parenchyma or has only minor vascular changes 
assumed to be insufficient to produce symptoms. A 
Type II lesion is predominantly vascular in nature with 
any white matter damage judged to be secondary to the 
vascular damage. A Type IH lesion has characteristics 
of primary damage to both the white matter paren- 
chyma and the vasculature. 

The morphological distinction. between confluent 
demyelination and malacia is somewhat arbitrary but 
when groups of demyelinated axons are either altered to 
become spheroids or are completely lost. the lesion is 
designated as malacia. "Inactive" malacia refers to 
those areas of necrosis comprised of status spongiosus 
and spheroids and glial scars. These are interpreted to 
be stable lesions that may remain unchanged for rela- 
tively long periods of time. Areas of malacia may be 
further accentuated by mineral deposits. Coagulative 
necrosis is a specific class of malacia in which ghosts of 
nerve fibres and cells can still be recognized. This is 
"active" malacia, because breakdown of the neuropil is 
ongoing and ultimately accompanied by accumulations 
of microglia and an increased prominence of astrocytes. 
Such lesions, with nerve fibre destruction and prominent 
glial reactions, are consistent with Wallerian degenera- 
tion. Areas that are composed of focal collections of 
microglia with foamy cytoplasm (gitter cells) provide 
evidence that liquefactive necrosis has occurred at that 
site. This severe manifestation of active malacia may 
also be seen as poorly delineated amorphous areas or as 
partially or totally empty cystic spaces. Three types of 
liquefactive necrosis represent the alterations before, 


Table I. White matter lesions of radiation myelopathy 





1. Demyelination of isolated nerve fibres 
2. Demyelination of groups of nerve fibres (spongiosis) 
3. "Inactive" malacia 
(a) spongiosis, spheroids 
(b) scar 
. "Active" malacia 
(a) coagulative malacia 
(b) liquefactive malacia 
(i) amorphous 
(3i) foam cell fields 
(11) cystic 
5. Haemorrhagic malacia 


BON 
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Table H. Vasculopathies of radiation myelopathies* 





. None 

. Increased vascularity 

. Telangiectasis 

. Hyaline degeneration and thickening 

. Oedema and fibrin exudation 

. Perivascular fibrosis and inflammation 
. Vasculitis 

Fibrinoid necrosis 

9. Thrombosis 

10. Haemorrhage 


x OG - es — 





"With or without endothelial alterations of hyperchromasia, 
hypertrophy, anisokaryocytosis and hyperplasia, 


during and after the accumulation of foam cells. Blood 
sometimes fills necrotic areas. These haemorrhages 
typically appear acutely and may totally obscure the 
underlying white matter or reside in a cystic space. Such 
lesions are characteristic of infarction and, as a point of 
fact, vascular lesions are invariably seen in close associa- 
tion with haemorrhagic necrosis. 

The vascular lesions encountered in the irradiated 
spinal cord are listed in Table H. Reflecting the lack of 
pathognomonic changes caused by radiation, these 
vasculopathies are found in other conditions. The irra- 
diated spinal cord, as is the case with other tissues, may 
contain vascular lesions and no parenchymal changes. 
The presence of no vasculopathies is listed to emphasize 
that the converse can also be true. However, vascular 
lesions, particularly when seen in association with 
demyelination and malacia, comprise a picture that can 
be considered to be very characteristic of radiation 
injury because the combination of lesions is seen in 
many human cases (Schultheiss et al, 1988) and in the 
majority of non-human primates (Schultheiss et al, 
1990) with radiation myelopathy. The vascular changes 
most often encountered are endothelial alterations, 
telangiectasia, hyalinosis and fibrinoid necrosis. 
Further, albeit indirect, evidence of vascular injury is 
the common finding of oedema or the accumulation of 
fibrin in perivascular spaces and in areas of necrosis. 
Oedema disrupts white matter more than grey matter 
(Manz, 1974; Feigin & Budzilovich, 1980) and has been 
proposed as in important feature of radiation injury of 
the CNS (Feigin & Budzilovich, 1980). Although 
haemorrhagic necrosis is listed as a white matter lesion, 
thrombosis and vascular necrosis are essential com- 
ponents of the process. The fact that tissue injury occurs 
distal to arterial obstruction and proximal to venous 
obstruction could explain the frequent finding of vascular 
lesions at levels different from the neuropil lesions. 

Clear distinction can rarely be made between arteries 
and veins in histological sections of the CNS. Even 
though the vasculopathies associated with radiation 
injury apparently occur in both arteries and veins, 
certain features suggest preferential venous compromise. 
The lack of death of neurons in typical cases of radia- 
tion myelopathy argues against arterial impairment. It 
was noted that monkeys, symptomatic for radiation 
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Table III. Ghai reactions of radiation myelopathy 


i. Microgha/macrophages 
(a) morphology 
(i rod-shaped 
(i). foam cells 
aii) multinucleated 
(b) patterns 
(n diffuse 
(13. focal 
(ui perivascular 
2. Astrocytes 
(a) morphology 
(1) inconspicuous 
Gi} gemistocytic 
(iD fibrillary 
(b) patterns 
(1) diffuse 
(ii) focal 


myelopathy, consistently had lesions in the lateral cortico- 
spinal motor tract (Schultheiss et al, 1990). This is an 
area that 1s affected by venous lesions (Gillilan, 1970). 

Microglia and astrocytes are normal components of 
the CNS that commonly exhibit profound alterations in 
the irradiated spinal cord. As noted in Table III, the 
pattern of increased numbers and greater prominence of 
these celis may be diffuse or focally concentrated to 
areas of white matter destruction. One can see areas of 
damaged white matter which, instead of being 
composed of nerve fibres, consist exclusively of 
microglia/macrophages and astrocytes. The border of a 
focus of necrosis may be delineated from surrounding 
intact tissue by a zone of dense gliosis. The close 
association of microglia and astrocytes with the lesions 
of demyelination and malacia is accentuated by the 
overt morphological changes the cells display. Microglia 
can have abundant foamy cytoplasm that is, in fact, 
phagocytosed myelin. Multinucleated giant cells are 
sometimes seen in close association with dystrophic 
mineral. Astrocytes are increased in both size and 
number. The morphology varies from that of cells with 
large, pale-staining nuclei and inconspicuous cytoplasm 
to that of gemistocytes, which are astrocytes character- 
ized by abundant, eosinophilic cytoplasm. As discussed 
below, astrocytes and microglia probably play active 
roles in radiation injury, not just ones of repair and 
phagocytosis. 


Pathogenesis 

identification of a specific target cell and recognition 
of a consistent pathway of radiation-induced damage of 
the CNS have not been resolved. Oligodendrocytes and 
endothelial cells are usually emphasized as the potential 
target cells. The general view is that these cells have 
both independent and overlapping roles in the patho- 
genesis. Their relative contribution is certainly 
influenced by radiation dose and, most likely, by other 
factors. An emphasis on oligodendrocyte injury rests on 
the premise that reproductive death and failure of 
replenishment of these cells can account for white 
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matter destruction. However, it has been argued that 
death of oligodendrocytes which slowly turn over 
cannot alone result in later development of confluent 
lesions of demyelination and outright malacia (Myers et 
al, 1986). The accent on oligodendrocyte death has been 
modified by considering that the loss of these cells may 
be accentuated by failure of their replenishment owing 
to killing of glial progenitor cells (van der Kogel, 1991b). 

Slowly evolving and late-developing changes in the 
structure and permeability of the microvasculature were 
historically emphasized as being primarily responsible 
for radiation injury of the CNS (Rubin & Casarett, 
1968). An essential role for vascular injury cannot be 
denied in some cases of radiation myelopathy when 
there are the obvious lesions of vascular necrosis, 
thrombosis and manifestations of altered permeability 
seen as oedema, fibrin deposition and haemorrhage. 
However, an indispensable role for vascular injury 
might be challenged on the basis of reported cases with 
malacia but with morphologically normal or minimally 
altered vessels. Although individual cases can either 
support or contradict a contribution of vascular changes 
to the pathogenesis, experimental evidence supports the 
likelihood of injury to both glial cells and blood vessels. 
What determines their relative contribution to the 
destruction of the neuropil is unknown. 

It is well recognized that vascular injury can lead to 
necrosis. However, it seems improbable that white 
matter necrosis would result from vascular injury 
without morphological or functional vascular -` 





cogent explanation has heretofore been offered foi ‘he 
mechanism by which malacia results from the mitotic 
death of the oligodendroglia. In many demyelinating 
diseases, denuded axons are observed without axonal 
loss characteristic of radiation injury. Furthermore it is 
not clear why slowly proliferating oligodendrocytes, 
with as yet unidentified stem cells (in adult animals), 
should undergo a sudden and dramatic reduction in 
number at highly variable times following irradiation. In 
addition, one would expect that mitotic death of oligo- 
dendrocytes from radiation would result in diffuse 
demyelination, but focal necrosis is often observed 
adjacent to apparently normal white matter. The field of 
view of the pathogenesis of radiation myelopathy must 
be broadened to account for these facts. 

Consideration of the pathogenesis of radiation myelo- 
pathy traditionally ends with a dual focus on changes of 
nerve fibres and the intramedullary vasculature. 
Infiltration of the tissue by microglia and proliferations 
of astrocytes have either been ignored or regarded as a 
secondary response (Casarett, 1980). However, recently 
discovered involvement of these cells in a variety of 
other demyelinating conditions raises the likelihood that 
they are additional participants in the pathogenesis of 
radiation-induced injury in the CNS. Infiltration of the 
tissue by microglia constitutes an inflammatory 
response, but in more conventional terms inflammation, 
as represented by lymphoid cells and granulocytes, 
occurs but is not a predominant feature in radiation 
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myelopathy. Inflammatory cells, when present, are 
generally found in the Virchow-Robin spaces. Actual 
inflammation of the parenchyma is seen in lesions that 
are compatible with recent infarction. Such necrotic 
areas may also be infiltrated by neutrophils. Although 
lymphocytes are occasionally admixed with infiltrating 
microglia, the numbers are usually less than those 
encountered in inflammatory demyelinating conditions 
like certain viral encephalitides and multiple sclerosis. 

A distinction is drawn between the intensity of tradi- 
tional inflammation associated with the white matter 
destruction in radiation myelopathy compared with 
other conditions. However, parallels can be drawn 
between the involvement of microglia in the patho- 
genesis of radiation myelopathy and other CNS condi- 
tions, particularly considering the morphological picture 
presented by the pathophysiological consequences of 
proliferation, infiltration and activation of these cells. 
Mildenberger et al (1990) concluded that early responses 
by microglia in irradiated rat brains heralded the 
development of destructive lesions. The same has been 
reported for astrocytes. A combination of changes in 
blood vessels and adjacent astrocytes was found to 
precede degeneration and necrosis of white matter in rat 
brain (Calvo et al, 1988; Reinhold et al, 1990). The 
narrowest view relegates astrocytes to passive structural 
roles with the most significant reactive function being 
involvement in healing by forming a scar. Astrocytes are 
the most plentiful cell in the CNS and, as is the case 
w^ -sroglia, the diversity of their functional proper- 
t a Coth health and disease, is becoming increasingly 
apparent, and their role in radiation injury has been 
appreciated by relatively few investigators (Hubbard & 
Hopewell, 1979; Myers et al, 1986). 

Microglia are the representatives of the mononuclear- 
phagocyte system in the CNS (Hickey & Kimura, 1988). 
The reactive microglia associated with demyelination 
and malacia are from two derivations, i.e. resident cells 
and cells- infiltrating from the blood. When tissue 
destruction is extensive and the blood-brain barrier has 
been disrupted, most authorities believe that the 
majority are derived from blood monocytes (Dickson et 
al, 1991). It is an open question whether microglia 
actively destroy viable myelin or if they only engage in 
clearing off debris resulting from myelin destruction. 
Although direct phagocytic destruction of white matter 
is disputed, indirect participation in tissue injury (as 
opposed to the repair process) is becoming clearly estab- 
lished’ for both microglia and astrocytes (Zucker- 
Franklin et al, 1987). Astrocytes are normally involved 
with the formation of the blood-brain barrier and make 
various contacts with neurons, synapses, ependyma and 
meninges (Janzer & Raff, 1987; Kimelberg & 
Norenberg, 1989). Injury and disease cause disruption 
of these anatomical relationships. In addition, astro- 
cytes assume a variety of immunological and bio- 
chemical properties that include characteristics 
analogous to those of microglia/macrophages (Zucker- 
Franklin et al, 1987). 

The CNS contains a cytokine network that may be 
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important for normal CNS function. Cytokine produc- 
tion and responsiveness are among the characteristics 
shared by microglia and astrocytes (Dickson et al, 1991; 
Sawada et al, 1989). An increase in the production or 
reiease of cytokines can convert a normal action into a 
toxic property (Balkwill & Burke, 1989; Brosnan et al, 
1988). These substances have actions in inflammation, 
immunity, coagulation and cellular proliferation and 
differentiation. Cytokines, such as interleukin-1 (IL.-1) 
and tumour necrosis factor (TNF), have been identified 
as mediators of the expression of the lesions in a variety 
of demyelinating diseases. These soluble mediators 
cause injury to other CNS cells, myelin and endothelium 
(Dinarello, 1984; Le & Vilcek, 1987; Lieberman et al, 
1989: Robbins et al, 1987; Selma; & Raine, 1988). TNF 
is unique among cytokines because of its capacity to 
induce cell death (Laster et al, 1988; Le & Vilcek, 1987). 
It is implicated in the pathogenesis of demyelination and 
malacia in conditions as diverse as viral encephalomyel- 
itis (Lieberman et al, 1989), septicaemia and endotox- 
aemia (Mustafa et al, 1989; Waage et al, 1987), malaria 
(Grau et al, 1987), Reye's syndrome (Larrick & Kunkel, 
1986) and multiple sclerosis (MS) (Brosnan et al, 1988; 
Hofman et al, 1989). This list includes diseases with 
infectious, parasitic, unknown and autoimmune aetiolo- 
gies. The range of stimuli that may evoke TNF produc- 
tion is broad, and its limits are unknown (Beutler & 
Cerami, 1987). Many conseqences of TNF action have 
features in common with radiation injury. Regional 
irradiation causes local exacerbation of experimental 
allergic encephalomyelitis (EAE) (Love et al, 1987; 
Oldendorf & Cornford, 1977), and TNF is believed to 
be a pathogenic component in the EAE model for MS 
and in the disease itself (Brosnan et al, 1988). Features 
of radiation lesions that are associated with elevated 
TNF are astrocyte proliferation (Selmaj et al, 1990), 
demyelination (Brosnan et al, 1988: Selmaj & Raine, 
1988; Robbins et al, 1987), oligodendrocyte cytotoxicity 
(Robbins et al, 1987) and endothelial cytotoxicity 
(Pober, 1988; Robaye et al, 1991; Silverman et al, 1990). 
It is these actions of soluble mediators like TNF from 
astrocytes and microglia that indicate their potential for 
participation in the pathogenesis of radiation injury of 
the CNS. One could hypothesize that radiation directly 
alters the secretory phenotype of resident astrocytes and 
microglia to modify cytokine production. Alternatively, 
astrocytes, microglia and infiltrating macrophages may 
respond to radiation-induced injury to the tissue by 
abnormally producing these substances. Whichever is 
the case, cytokines would be available to augment radia- 
tion-induced injury of the neuropil and/or vasculature, 
with the result being a contribution to the development 
of lesions in a manner in common with other conditions 
characterized by white matter destruction. 

Perhaps insufficient consideration of participation by 
microglia, astrocytes and other factors, like the role of 
cytokines, is a reason that the pathogenesis of radiation 
injury of the CNS has eluded understanding. The 
involvement of dynamic components, in addition to the 
demise of oligodendrocytes and/or endothelial cells, 
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may explain certain features such as the common 
finding of lesions with “old and new histological ages" 
in the same section. Observations like this cannot be 
resolved on the basis of cell kinetic mechanisms alone, 
but do lend themselves to an interpretation based on the 
functional waxing and waning of cellular responses like 
those proposed for microglia and astrocytes. 


Dose limits and fractionation studies 
Human 

Radiation myelopathy was first reported in 1941 by 
Ahlbom. In 1945, Stevenson and Eckhardt reported the 
first autopsy on a patient who had developed radiation 
myelopathy. In 1948, Boden and Greenfield and Stark 
reported details of radiation myelopathy cases. Boden 
was the first to recommend safe dose limits. In SI units 
these limits are approximately 33 Gy in 17 days for large 
fields (> 15cm) and 43 Gy in 17 days for small fields 
(< 10cm). Fractionation was unspecified (there were 
no cases with field sizes between 10 and 15cm) and 
these limits did not exclude all of the myelopathy cases 
he reported. Fletcher and Million (1965) suggested a 
limit of 50 Gy in 25 fractions for head and neck treat- 
ments. Atkins and Tretter (1966) found 47.5 Gy in 25 
fractions to be well tolerated. However, their treatments 
were commonly given as a single field per day 
(P. Tretter, personal communication, 1989). Verity 
(1968) recommended a limit of 60 Gy in approximately 
33 fractions. Schiodt and Kristensen (1978) recom- 
mended a tolerance dose for the lumbar cord to be 
54 Gy in 30 fractions. Baekmark (1975) suggested that 
60 Gy in 30-33 fractions should be well tolerated. Kim 
and Fayos (1981) concur with this dose if it was applied 
to small lengths of cord. 

Different radiosensitivities for the cervical and thor- 
acic levels of the spinal cord were first suggested by 
Dynes in 1960. The reasoning for this suggestion was 
that damage to the vascular supply to the thoracic cord 
was more likely to induce ischaemia than similar 
damage to the vascular supply to the cervical or lumbar 
levels. Kramer (1968) first published different dose limits 
for the cervical and thoracic levels as 50 Gy in 5 weeks 
and 45 Gy in 4} weeks, respectively. The perceived 
difference in sensitivity probability reflected the facts 
that (1) the thoracic cord was often irradiated using 
AP/PA fields in which a single field was treated on 
alternate days, and (2) the importance of the individual 
fraction size (Marks et al, 1972) rather than the average 
fraction size was then not appreciated. Alternatively, 
Gianzmann et al (1976) stated that cervical cord was 
said to be mere sensitive than the thoracic cord, but 
their analysis could not confirm this. The clinical dogma 
that the thoracic cord is more sensitive than the cervical 
cord (and therefore has a lower dose limit) was never 
established by objective data analysis, has not yet been 
tested experimentally and has only recently been chal- 
lenged in the literature (Schultheiss, 1990). 

Most of the dose limits for the spinal cord were 
established by plotting myelopathy cases and controls 
(cases without myelopathy) on a log dose versus log N 
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(number of fractions) scattergram. The line that 
excluded all or nearly all of the myelopathy cases while 
including as many controls as possible was then taken to 
define a recommended relationship between total spinal 
cord dose and number of fractions. The scientific insuf- 
ficiency of this procedure is demonstrated by the facts 
that (1) the "safe" isoeffect line is established by the 
outliers, i.e. the least representative individuals in the 
population, (2) the dose per fraction may not have been 
constant, and (3) the true number of controls 1s 
unknown. Furthermore, the slope of this line did not 
establish the N-exponent for the variable-exponent NSD 
isoeffect model. However, as an exercise to ensure that a 
radiotherapist would never experience a case of myelo- 
pathy, the procedure was understandable, but 
incomplete. 

It was during the 1970s that radiation therapists 
became increasingly aware that the late response of the 
spinal cord did not behave mathematically according to 
the NSD formula (Wara et al, 1975; van der Kogel, 
1977b), although adherence to the NSD formula was 
still common (Abbatucci et al, 1978). Without invoking 
any specific isoeffect formula, it can be said that the 
spinal cord was observed to be relatively more sensitive 
to large doses per fraction than most other dose-limiting 
tissues (Phillips & Buschke, 1969), especially those that 
responded acutely or subacutely. This conclusion was 
given a mathematical form by Wara et al (1975), when 
they published that the exponent of the fraction number 
in an NSD-like isoeffect relationship for spinal cord 
should be 0.377 rather than 0.24, as given by Ellis (1967) 
for early-responding tissues. Unfortunately the spinal 
cord's greater sensitivity to large doses per fraction had 
to be experienced clinically, as is demonstrated by the 
considerable number of published reports of myelo- 
pathy cases following schedules using 10 fractions of 
4 Gy (see Table IV). Several of these reports also served 
to establish the belief that split course treatments did 
not reduce the incidence of radiation myelopathy. 

The most widely held standard of practice for the 
dose limit to the spinal cord is 45 Gy in 22-25 fractions. 
Extensive literature searches have discovered no 
adequately documented myelopathies following 45 Gy 
except in cases when one field per day was treated, in 
patients who had significant medical history that could 
be contributory to myelopathy, when the chance of a 
treatment error was significant, or in patients who were 
treated for a lymphoma (the significance of myelopath- 
ies in lymphoma treatments will be addressed below). 
Several authors have recommended that a dose of 50 Gy 
in 2 Gy fractions should be safe, whereas others have 
recommended doses lower than 45 Gy. It should be 
recognized that the widespread use of lower spinal cord 
doses will not decrease the incidence of radiation myelo- 
pathy. Marcus and Million (1990) have clearly demon- 
strated that 45 Gy, conventionally fractionated, is on 
the flat region of the dose-response curve, and therefore 
lower doses will result in an imperceptible decrease in 
the incidence of myelopathy. Our feeling is that any 
myelopathies occurring at 45 Gy would also occur at 
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Table IV. Reports containing radiation myelopathy incidence data for thoracic cord 


IRRMIHMMMUARINTATTTTITIVTHNILAUMLÁLÁUMIUITIIUTITITIANUMNHUAUULLITITITITTITIHTHHIURHPALIEAUIUAUMEBUEUIUTUUUHITIPHHUÓUUHIUAHU AAA TAONA HEUTE ULM MM HPUHTETPEUTHEU AU int UPPED EVA/ ASST ETIAM US RA VUA MERERETUR M P HAMA 


Reference Dose 
27x 2.45 Gy 
[85x 245 Gy+9x 3.16 Gy 
Lx 7.6 Gy -19x 2.9 Gy 


Eichhorn et al (1972) 


Choi et al (1980) 15x3 Gy 
Hazra et al (1974) 15x3 Gy 
Abramson and Cavanaugh (1973) 10x4 Gy 
Fitzgerald et al (1982) l0 x4 Gy 


Miller et al (1977) 
Madden et al (1979) 
Guthrie et al (1973) 


Il0x4 Gv 
10 x4 Gy 
[0x4 Gy 
20 x 3 Gy 


Coy et al (1969) 8x5 Gy 
Dische et al (1981) 6x 5.8 Gy 


Hatlevoll et al (1983) 3x6 Gy -5x4 Gy 


Ax6 Gy 3x4 Gy -2x2 Gy 


Incidence Survival 
8/46 12 month minimum 
5/22 12 month minimum 
2/33 12 month minimum 
0/16 519% NED at 5 years 
0/75 96% at | year to 43% at 2 years 
4/103 [2 month minimum 
6/45 I| month minimum 
4/97 6.4 month average 
1/43 7.9 month average 
0/42 6. 8 month average 
0/32 8.5 month average 
3/31-97 38% at 9 months 
8/7] 6 month minimum 
43% Life-table estimate from 157 patients 
22% Life-table estimate from 230 patients 


Fee TnL TN NAL LL LTT NNT rea ANOA EA AAAA AAAA AAAA ANAA OAM AN kr P HORA, 


40 Gy, Le. the tolerance of very few patients lies between 
40 and 45 Gv. 

The fractionation schedules and the associated inci- 
dences of myelopathy reported for thoracic and cervical 
spinal cords are given in Tables IV and V, respectively. 
In these tables, we have tried to use only those cases 
where overlapping fields were unlikely, thoracic treat- 
ments were given with all fields treated each day and 
treatments were not given in hyperbaric oxygen. 
Although these reports only represent a fraction of the 
published reports of radiation myelopathy, it can be 
appreciated from these tables that the majority of these 
cases received radiation doses per fraction considerably 
larger than 2 Gy. 

Based on the series in Tables IV and V, other reports 
and primate experiments, we estimated that 45 Gy in 
22-25 fractions would yield an incidence of myelopathy 
of x 0.2%. The conventionally fractionated dose that 
would result in 5% incidence of myelopathy is probably 
between 57 and 61 Gy, and the dose resulting in a 50% 
incidence is probably between 68 and 73 Gy. Because 
the radiation therapy community has learned to avoid 
radiation myelopathy, and modern quality assurance 
programmes decrease the probability of accidental over- 
doses on a large scale, the establishment of statistically 
valid estimates of these doses can be obtained only by 
the analysis of retrospective data. We would respect a 
lower tolerance for paediatric patients (Knowles, 1983; 


Schultheiss et al, 1984), especially when radiation is 
combined with chemotherapy. 

Because of the morbidity of radiation myelopathy, 
spinal cord doses should always be minimized. 
However, tumour doses should nor be compromised in 
curative cases for the purpose of limiting the spinal cord 
dose to 45 Gy. 50 Gy should be acceptable in an other- 
wise healthy patient who is being treated for cure and in 
whom tumour location prohibits limiting the cord to a 
lower dose. Although 60 Gy carries with it a definite risk 
of myelopathy, this schedule could be considered in 
extreme cases since the majority of patients who receive 
this dose will escape without myelopathy. Because of 
daily variations in treatment set up, the spinal cord 
should not be treated to its dose limit (in the judgement 
of the radiotherapist) if it is also near a significant dose 
gradient. This situation would arise when off-cord treat- 


the cord and the field edges of the boost treatment were 
in close proximity to the spinal cord. 

Just as the spinal cord response revealed the high dose 
per fraction limitation of the NSD model, the spinal 
cord was unexpectedly found to be the dose-limiting 
organ in hyperfractionation studies. The spinal cord's 
response to multiple daily fractions resulted in the addi- 
tion of incomplete repair (Thames, 1989; Thames et al, 
1988) to the NSD's rival, the linear quadratic (LQ) 
model. Using the CHART regimen of 1.5 Gy in three 


Table V. Reports containing radiation myelopathy incidence data for cervical cord 


MMMMMUMAMIHPHHITTHTTETTITTIITTHTTETIEHPUO MA IAHAAMMAMUMULMMud i AATE AAAA AAi Aiii ABA OPT OO OTT TOTO aro Sr ar IP LUNAR HM Uf 


Reference Dose 
Abbatucci et al (1978) 
Atkins and Tretter (1966) 
McCunniff and Liang (1989) 
Marcus and Million (1990) 
(1.8-1.9 Gy per day) 


2x9.5 Gy 
30x 2 Gy 
40-45 Gy 
45-50 Gy 
50-55 Gy 
30x2 Gy 
40 x 1.63 Gy 


Jeremic et al (1991) 
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I8 x 3 Gy 


Incidence Survival 

8/18 18 month minimum 
4:10 24 month minimum 
3/17 24 month minimum 
0/91 12 month minimum 
0/211 

0/22 

2/19 24 month minimum 
0/19 
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daily fractions for 12 consecutive. days, Dische and 
Saunders (1989) maintained a limit for the spinal cord 
of about 45-48 Gy. The spinal cord received most of its 
dose during the large-volume portion of the treatment, 
28 fractions of 1.5 Gy, with 3-6 Gy received over the 
final eight-fraction conedown. Despite what appeared to 
be a very conservative limit, and similar previous experi- 
ence indicating a low risk of myelopathy (Van den 
Bogaert et al, 1986), four cases of myelopathy were 
observed using this protocol. It appears that during the 
6-h interval between the treatments, significantly less 
repair of radiation. damage at the subcellular level 
occurred than was expected. Wong et al (1991) reported 
two cases of radiation myelopathy in patients treated 
four times per day with 1 Gy fractions separated by 3 h. 
Total hyperfractionated doses were 38 and 43.3 Gy, 
which were preceded by single fractions of 1.9 and 5 Gy, 
respectively. Marcus and Million (1990) observed no 
mvelopathies in head and neck patients treated twice 
daily with 1.2 or 1.0 Gy per fraction to total cord doses 
of either 40-45 Gy (107 patients) or 45-50 Gy (90 
patients). Their interfraction interval was 4—6 h. 

To our knowledge, no myelopathies have been 
reported using 1.2 Gy fractions given twice daily to a 
total dose of approximately 45 Gy. However, the 
interval between fractions should be as long as practi- 
cable and no shorter than 6h. It appears unwise at this 
time to extrapolate from daily fractionation dose regi- 
mens to multiple fractions per day using any biomathe- 
matical model. If three fractions per day are given, we 
recommend shielding the cord during the second daily 
fraction. Dose escalation with hyperfractionation 
should be undertaken with caution. 


Experimental studies 

The overwhelming majority of experimental work on 
spinal cord dose response has been carried out in the 
rat. Several early studies were aimed at determining the 
slope of the plot of log isoeffect dose versus log N (van 
der Kogel, 1977b; Masuda et al, 1977; Hornsey & 
White, 1980; Ang et al, 1983). It was established that 
this slope, for the number of fractions used, was larger 
than the 0.24 of the NSD formula and not much 
different from the value of 0.377 proposed by Wara et al 
(1975). More recent. studies have shown a linear 
relationship between log ED, and log N down to doses 
per fraction of 2 Gy (Ang et al, 1985), and Wong et al 
(1992) have extended this observation down to | Gy per 
fraction. The data of Ang and Wong do not agree on 
the extent to which there is sparing below 2 Gy. 
However, the lack of sparing found by Ang et al (1985) 
is purportedly due to incomplete repair between twice 
daily fractions (Thames et al, 1988), whereas Wong et al 
used daily fractionation. Some of the low-dose-per- 
fraction studies have used the top-up dose technique to 
achieve their results while others have not. There is no 
apparent disagreement between the results obtained 
with a top-up dose and those without. The value of the 
slope of the log dose versus log N isoeffect line was in 
the range 0.33 and 0.44, depending on rat strain, treat- 
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ment duration, anatomical level of treatment and 
possibly the length of follow-up. The value of this 
exponent confirms the clinical observation that the 
spinal cord is relatively more sensitive to large fractions 
than many other tissues. However, it is well recognized 
that the rodent's tolerance expressed in terms of total 
dose is much greater than that of humans. What is 
uncertain is whether the dose per fraction effects 
observed in rodents can be applied without modification 
to man. 

The effect of overall treatment time has also been 
studied in the rat (White & Hornsey, 1978, 1980). 
However, one should recognize that clinical treatment 
durations of approximately 6 weeks generally represent 
half of the age of the rat at the time of treatment 
initiation. When treatment durations are comparable to 
the age of the animal, the interpretation of the results 
must be viewed with caution, and treatment times 
shorter than are used clinically may not be relevant to 
clinical responses. White and Hornsey (1978) observed 
no increase in the two-fraction, split dose ED, values 
for lumbar myelopathy as the interfraction interval was 
increased from | day to 16 days. The ED., values 
ranged from 32 to 33.5 c 2 Gy. Using a 32-day interval 
they found an ED of 36.5-c2 Gy. Van der Kogel 
(1977a) reports no difference in the ED value in rats 
treated with 15 Gy and then with varying doses at | and 
8 weeks after the initial dose. However, there were 
apparently only five animals per dose group and only 
one dose point for which the percentage of paralysed 
rats was neither 0 nor 100%. Using a 16-week interval 
between the 15 Gy initial dose and the test dose, he 
found a significant increase in ED4. In 4-month-old 
mice, Goffinet et al (1976) compared the ED. values 
after 10 fractions, given as daily fractions, with either a 
3-week split after 5 fractions or a 3-month split after 5 
fractions. When assessed 6 months after the first day of 
treatment, there was a clear trend toward higher ED,, 
values with increasing ume. However, when assessed 6 
months after the last fraction, the ED. values for the 
split courses decreased. In the case of the 3-month split, 
the ED, was /ess than that for the daily fractionation. 
Because of the complexities of the pathogenesis and the 
dissimilarities between experiments, very little can be 
asserted with confidence regarding the effect of treat- 
ment time on the radiation response of the spinal cord. 
However, it seems that there 1s a modest amount of 
sparing when the treatment time is increased beyond 6 
weeks. Certainly most tumours would be spared more 
than the spinal cord by such extended treatment 
schedules. 

The animal model nearest to the human that has been 
used in experimental investigation of radiation myelo- 
pathy is the rhesus monkey. Innes and Carsten (1962) 
used large single doses of radiation to study the histo- 
pathology of spinal cord lesions. Stephens et al (1983) 
and Schultheiss et al (1986, 1990, 1991, 1992) have used 
fractionated treatments to study relative biological 
effectiveness (RBE), dose response, histopathology and 
pathogenesis, and latency of radiation myelopathy. 
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Figure 1. Latencies for patients with 
cervical or thoracic radiation myelopathy 


who survived at least 30 months after 0 6 


treatment. The solid curves represent the 
fit to a bivariate lognormal distribution. 


Studies of volume effects, hyperfractionation and 
retreatment are ongoing. Using 2.2 Gy fractions, the 
ED,+1!1 SE was 76.141.9Gy. For the logistic 
dose-response function, the probability (P) of injury 
after dose D is given by the equation: 


(1) 


Using this formula, a value of k of 18.7+6.7 was 
determined (Schultheiss et al 1990). For dogs treated 
with 4 Gy fractions, k = 17.5: 5.2 (data supplied by E. 
Beck, analysed by us) For pigs treated with single 
doses, k = 51 7 (data supplied by J. W. Hopewell, 
analysed by us). For humans treated in six fractions, 
k = 43-16 (data supplied by S. Dische and M.I. 
Saunders, analysed by us) Because radiation myelo- 
pathy does not result from a known number and type of 
cells being depleted to a known surviving fraction, the 
value of k cannot be related to Poisson statistics. It is 
rather a reflection of the heterogeneities in the treated 
population's response to irradiation. It appears that for 
a given species and strain, k decreases with increased 
dose fractionation. 

A dramatic field-size effect has been demonstrated in 
the rat with fields smaller than 1 or 2 cm (Hopewell et 
al, 1987; van der Kogel, 19912). It is not clear that such 
an effect would scale proportionally to the human. 
Furthermore, van der Kogel (1991b) has reported no 
field-size effect in rats treated with fields larger than 
| cm. However, Schultheiss et al (1991) observed an 
increase in the incidence of myelopathy, consistent with 
the probability model (Schultheiss et al, 1983), in rhesus 
monkeys when the field size increased from 4 to 16 cm. 
It is unlikely that the different findings in the rat and the 
monkey are due to differences in assays (isoeffect dose 
versus incidence, respectively). The difference is more 
likely due to species differences or differences in treat- 
ment regimens (single dose versus fractionated doses, 
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respectively). Recent findings by Hopewell and van den 
Aardweg (1992) in pigs show a modest field-size effect 
for ED,,, but no observable field-size effect for ED,.. In 
humans, no field-size effect has been demonstrated with 
respect to incidence, latency or severity of symptoms. 

The latencies for radiation myelopathy have been 
shown to be bimodally distributed and to follow a 
lognormal distribution (Schultheiss et al, 1984, see 
Fig. 1). The bimodality of this distribution has been 
ascribed to differences in the pathogenesis associated 
with the lesions that dominate two different peaks 
(Reinhold et al, 1984; Schultheiss et al, 1984). Although 
paediatric and adolescent patients appear to have 
shorter latencies, there is otherwise no correlation 
between latency and age. Although there is a significant 
correlation between latency and effective dose, the varia- 
tions in latencies at any specific dose level are so large 
that one cannot make inferences about the dose based 
solely on the latency. No differences exist in latencies 
between the cervical and thoracic radiation myelopath- 
ies. However, it appears that lumbar myelopathies, 
although relatively rare, have a shorter latency than is 
observed in higher anatomical levels of the cord (Maier 
et al, 1969; Schiodt & Kristensen, 1978; Schultheiss et al, 
1984). 

Rather than the bimodal distribution observed in 
humans, only a single phase of latencies is observed for 
the rhesus monkeys. The distribution of latencies for the 
monkeys corresponds well with the earlier peak of laten- 
cies in humans. Furthermore, the types of lesions 
observed in these monkeys correspond to the types of 
lesions observed with similar latencies in humans. One 
may infer that the very late myelopathies ( > 24 
months) in the human correspond to the late vascular 
lesions observed in the rat and human but not observed 
in the monkey. This may be related to the relatively 
greater age of the rat by the time these lesions are 
expressed, or to the vascular compromise that may 
result from the chronic renal disease found in nearly all 
geriatric rats. 
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Retreatment 

The mouse results from Goffinet et al (1976) with a 
3-month interval between irradiations were probably 
more pertinent to the retreatment issue than to overall 
retreatment time. Although many clinical cases of radia- 
tion myelopathy have been reported after retreatment, 
only Tan and Khor (1969) have reported on a series of 
retreatment cases with the spinal cord in both treat- 
ments. Their treatment for carcinoma of the naso- 
pharynx was 5500 r or róentgen through laterals and an 
anterior facial field to the post-nasal space, given over a 
6-7 week period in apparently five treatments per week. 
The spinal cord received about 4000 r, although it is not 
clear whether all fields were treated at each session. In 
22 cases, a second full course was given within a few 
months to 4 years after the first treatment. Three cases 
of radiation myelopathy resulted, two of which are 
reported in detail. The intervals between treatments for 
the two reported cases were 8 and 52 months. The 
survival data of the non-myelopathy cases were not 
reported. 

In a review of the clinical literature, Schultheiss et al 
(1984) found that the latency between the final course of 
treatment and the onset of symptoms was shorter in 
retreated myelopathy cases than in those cases resulting 
from a single treatment course. Although the data are 
sparse, this effect was not observed in rhesus monkeys 
that were retreated after 70.4 or 44 Gy in 2.2 Gy frac- 
tions (Price et al, 1992). Nonetheless it would seem 
unwise to rely on a long latency to escape expression of 
injury when giving a second, palliative treatment. 

in a preliminary study on retreatment. rhesus 
monkeys were given 44 Gy in 20 fractions and were 
retreated 2 years later to total doses of 83.6, 92.4, 101.2 
and 110 Gy in 2.2 Gy fractions (Price et al, 1992). There 
were four animals in each group. One animal in the 
110 Gy dose group died during follow-up. One animal 
in each of the two highest-dose groups showed clinical 
evidence of radiation myelopathy. These two monkeys 
were the only animals to develop Type II lesions in any 
of the rhesus monkey studies performed by these investi- 
gators. Three other groups of four animals were 
retreated to total doses of 83.6, 92.4 and 101.2 Gy 2 
years after the initial dose of 70.4 Gy. The two animals 
with signs of radiation myelopathy, one each in the two 
lower-dose groups, had Type Hl lesions. Animals 
without signs had either no lesions or static Type HI 
lesions. The animals in these groups that did not 
develop signs had minor lesions or no lesions. 

Van der Kogel has shown that retreatment tolerance 
doses increase approximately linearly with time after the 
initial dose (van der Kogel, 19912). Although a plateau 
certainly exists, none could be detected up to 200 days 
after treatment. Moreover, his data show that the frac- 
tion of the effect of the initial dose that is maintained 
200 days after retreatment increases with the magnitude 
of the initial dose. The greater the initial dose, the less 
recovery there is. However, it may be that the recovery 
continues for longer times after higher doses. Knowles 
(1983) found guinea-pigs treated with 10 Gy at age 1 
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day had only a 1 Gy diminution of their ED,, at age 1 
year when compared with previously untreated animals. 

Because of the life span, latency and dose-response 
differences, only general guidelines for clinical applica- 
tions can be offered from the rodent data. These data 
indicate that substantial recovery of spinal cord toler- 
ance is achieved during a sufficiently long interval after 
initial radiation therapy. In general, a higher retreat- 
ment dose can be given following lower initial doses and 
longer intervals between treatments. From the sparse 
clinical and primate data, it appears that at least 50% 
recovery of 45 Gy would be obtained 2 years after 
treatment. 


Other factors affecting responses 
Chemotherapy 

The effects of chemotherapy on the incidence of 
radiation myelopathy are impossible to quantify from 
literature reports, and the experimental data with cyto- 
toxic agents are sparse. Eight of 10 myelopathies 
reported by Paulson and Quenemoen (1984) had 
received multiple chemotherapeutic agents. Abratt et al 
(1987) observed one case of radiation myelopathy in a 
series of patients treated with radiation, CCNU, mito- 
mycin C and misonidazole. In similar cases treated 
without the drug therapy, no myelopathies had been 
observed. However, the myelopathy patient suffered 
from alcoholism, the significance of which is not known. 
Ruckdeschel et al (1979) observed a single case of 
myelopathy in a small series of patients whose broncho- 
genic carcinoma was treated with multiagent chemo- 
therapy (cyclophosphamide, adriamycin, methotrexate 
and procarbazine) following intrapleural BCG and 
30 Gy in 10 fractions. The case of myelopathy occurred 
12 months after the completion of radiation and 6 
months after the completion of chemotherapy. The 
spinal cord dose was 21 Gy in 10 fractions. Two myelo- 
grams were negative. Saunders et al (1982; 1984) found 
no difference in the rate of myelopathies observed in a 
large-dose-per-fraction regimen in which patients were 
randomly assigned to  misonidazole or placebo. 
However, they did observe a significant increase in 
peripheral neuropathy in the patients who received 
misonidazole. Likewise, van der Kogel and Sissingh 
(1983) observed no increase in the ED. of rats when 
given misonidazole. 

Menten et al (1989) found a significant decrease in 
ED, after both single and two-fraction schedules when 
Ara C was given intraperitoneally to rats 2h before 
irradiation. Using an Ara C dose of 9 g/kg, a dose 
modifying factor of about 1.2 was determined. They 
found no apparent difference in the histopathology of 
the lesions of the animal that received the drug treat- 
ment compared with those that did not. Their results 
compared well with those of van der Kogel and Sissingh 
(1985) who gave 0.1 g/kg of Ara C intrathecally to the 
same strain of rats and obtained dose-modifying factors 
of 1.2 and 1.31 in single-dose and two-fraction experi- 
ments, respectively. Ang et al (1986) found no 
enhancing effect of AZQ given intravenously at a dose 
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of 3 mg/kg 15 min before radiation treatment given as a 
single dose or a two-fraction regimen. Small dose- 
modifying factors are probably not detectable in 
humans who receive less than 50 Gy to the spinal cord. 

Many cytotoxic and cytostatic agents are known to be 
neurotoxic. These include methotrexate (Bleyer & 
Griffin, 1980), cisplatinum (Walther et al, 1987), vin- 
blastine, Ara C and others (Lee et al, 1986). One can 
only suggest caution when contemplating the adminis- 
tration of radiation therapy simultaneously with chemo- 
therapy because of the likelihood of diminished spinal 
cord tolerance. Virtually no data are available on any 
additivity of effects on the spinal cord of radiation and 
chemotherapy when given sequentially. Because intra- 
thecal chemotherapy alone is quite capable of producing 
myelopathy, the combination of radiation and intrathecal 
chemotherapy must be considered extremely hazardous. 


Oxygenation and vascular effects 

Treatment in hyperbaric oxygen (HBO) may reduce 
the tolerance of the spinal cord to radiation. Certainly 
radiation myelopathy was a common complication of 
treatment reported by institutions treating patients in 
hyperbaric oxygen. However, no randomized trials were 
ver reported in which the frequency of myelopathies 
with and without HBO were compared. It may be that 
the increased myelopathies were a result of treating one 
field per day in some cases and of giving large doses per 
' fraction in general. Coy and Dolman (1971) reported an 
t increased incidence of myelopathy in patients surviving 
- 9 months after radiation treatment for thoracic tumours 
in HBO at 3 atm with both fields treated at each session 
(Peter Coy, personal communication, 1986). They found 
this complication in three of 17 patients who received 
approximately 39 Gy in 8 fractions in HBO, compared 
with four of 121 patients who received more than 40 Gy 
in 8 fractions, twice weekly, in air. We are not surprised 
by the high incidence of radiation myelopathy in their 
HBO series, but are by the relatively low incidence in 
the patients treated in air considering the consistently 
reported finding of myelopathy in 5-10% of patients 
who received 40 Gy in 10 fractions (see Table IV). 
Giving the same or higher total dose in 8 rather than 10 
fractions certainly should noticeably increase the 
observed incidence of myelopathy. In HBO treatments 
for head and neck cancers, van den Brenk et al (1968) 
were not able to confirm an increase in the incidence of 
myelopathy. In comparison to Coy and Dolman, who 
observed an 18% incidence in patients who survived 9 
months after receiving 8 fractions of approximately 
$ Gy, van den Brenk et al observed an 18% (7/38) 
incidence in patients who survived 9 months after 
receiving only 6 fractions of 5 Gy to the cervical spinal 
cord. Either the cervical cord enjoys a greater oxygen 
enhancement ratio or it is more sensitive to radiation. 

In a related finding, Dische et al (1986) have demon- 
strated a significant positive effect of pretreatment 
haemoglobin level on the incidence of radiation myelo- 
pathy after treatment with large doses per fraction. 
These are somewhat curious findings in an organ as well 
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perfused with oxygen as the spinal cord is reported to 
be, but can be interpreted as implying a protective effect 
occurring in patients with lower haemoglobin levels. 

The clinical data related to blood pressure are some- 
what ambiguous, and the experimental data are very 
sparse. Certainly many reports contain cases in which 
hypertensive patients have developed radiation myelo- 
pathy. In an early study that has yet to be duplicated or 
further investigated, Asscher and Anson (1962) found 
that rats made hypertensive by clipping the renal artery 
developed radiation. myelopathy at lower doses than 
control rats. Hopewell and Wright (1970) also found 
increased CNS sensitivity in hypertensive rats. 
Furthermore, it has been stated that vascular changes in 
the rat are more prevalent as the time after treatment 
increases. This phenomenon could correspond to the 
development of hypertension secondary to renal 
changes in the geriatric rat. Reinhold et al (1976) found 
significantly lower blood pressure in their radiation 
myelopathy cases as compared with controls who were 
treated with similar doses and who survived a minimum 
of 30 months. Two of their cases were marginally hypo- 
tensive. If the vascular lesions occur with the greater 
likelihood on the venous or low-pressure side of the 
vasculature (as we suggest above) then it would be 
expected that patients with abnormally low blood 
pressure would be more susceptible to injury than 
normotensive patients. The fact that radiation lesions 
occur in the white matter rather than in the grey matter 
gives some evidence that veins are more likely to be 
involved than arteries. It is likely, although as yet 
unproven, that hypotensive as well as hypertensive 
patients are at greater risk for radiation injury to the 
spinal cord. 

Vascular diseases may also predispose patients to 
radiation injury, but it is unclear how important athero- 
sclerosis and common cardiovascular diseases are in 
potentiating radiation damage. 


Disease processes 

Radiation myelopathy in lymphoma patients shouid 
receive special attention. Clearly any radiation myelo- 
pathy in these patients will appear to occur at lower 
doses because these patients receive lower doses than 
most other cancer patients, and they also survive longer. 
In addition to the effect of extended survival, misdiag- 
nosis is more likely in these patients. Paraneoplastic 
syndromes are known to occur with greater frequency in 
lymphoma than in other diseases (Walton et al, 1968). 
These syndromes often have a neurological manifes- 
tation (Feldmann & Posner, 1986). Such a manifestation 
could easily be attributed to radiation despite the lack of 
corroborating clinical data to indicate radiation injury 
(such as high dose, latency greater than 6 months, 
proper symptomatology). Furthermore there may be an 
interaction between these paraneoplastic syndromes and 
radiation injuries. Consider the example of herpes 
zoster. It occurs in approximately 10% of Hodgkin's 
disease patients, it is common in lung cancer patients 
and it is likely to occur in any immunosuppressed 
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patents, In the series by Ruckdeschel et al (1979), three 
of the 18 patients completing the treatment developed a 
localized herpes zoster. Central neurological signs 
account for approximately 3095 of the neurological 
complications of herpes zoster. Herpes zoster myelo- 
pathy is associated with a slightly swollen cord on 
myelography, shghtly elevated total protein and 
lymphocytes in the CSF, ascending paresis and progres- 
sive neurological deficits. This picture could easily be 
mistaken for radiation myelopathy on symptoms alone 
if viral assays were not performed. It is feasible that 
subclinical viral injuries could combine with radiation 
injury to produce either temporary or permanent spinal 
cord damage. 

Any disease process that has potential CNS effects 
may be regarded as a candidate for increasing the spinal 
cord's radiation sensitivity, Among the possibilities are 
several infectious diseases as well as diseases that affect 
the mechanical integrity of the spine. Of the 800 cases of 
cancers of the head and neck reviewed by Marcus and 
Million (19901, one of the two cases of radiation myelo- 
pathy was in a patient who was severely deformed, 
having had rickets as a child (Weems et al, 1987). We 
are aware of a case of low-dose radiation myelopathy in 
a woman with a previously undiagnosed Arnold-Chiari 
malformation. 

Of 13 cervical radiation myelopathy patients diag- 
nosed in one of our institutions (MD Anderson Cancer 
Center), four had a history of malaria. (The species of 
plasmodium was not recorded in any of these cases.) 
The majority of these patients were treated before 1970, 
and nearly all were over 50 years old. It is possible that 
thie did not exceed the expected incidence of malaria in 
a cohort of patients who had lived in this region. 
Despite the fact that malaria is virtually unknown in 
The Netherlands, Professor Hutbert Reinhold at the 
Rotterdam Radiotherapy Institute has kindly reviewed 
his published cases and discovered a patient who had 
contracted malaria in India (H. S. Reinhold, personal 
communication, 1986). Falciparum malaria can be asso- 
ciated with neurotoxicity, haemorrhage and capillaries 
occluded with infected erythrocytes. Clearly there is the 
potential for radiation injury given the damage that the 
small blood vessels may have sustained. 

in many cases, It is not possible to implicate a single 
cause of myelopathy after radiation treatment. A multi- 
plicity of agents can be illustrated by the following case. 
M.K. received post-operative radiation of 50 Gy in 25 
equal fractions for limited small cell carcinoma of the 
lung. The spinal cord was shielded after 45 Gy. He also 
received 30 Gy in 10 fractions to the brain. In addition 
to radiation, he received chemotherapy with six courses 
of ECHO (etoposide, cytoxan, hydroxydaunorubicin, 
oncovin) prior to radiation and one course immediately 
after. Previous medical history included hypertension, 
moderate to heavy alcohol usage, very heavy cigarette 
usage, lower sacral spina bifida and a sacral laminec- 
tomy. Upon admission he was 182 cm tall and weighed 
130 kg. After only 7 months, he developed leg weakness 
that ultimately progressed to paraplegia. The symptoms 
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were consistent with radiation myelopathy except that a 
note in the chart had documented a complaint of mild 
leg weakness only 2 months after completion of treat- 
ment. Review of the case revealed no apparent treat- 
ment errors. MRI and myelography were normal, and 
the CSF contained moderately elevated total protein, 
normal MBP and some lymphocytes and red blood 
cells. Somatosensory evoked potential was normal in the 
cervical cord but showed severe disruption of the spinal 
pathways below the cervical region. He was treated with 
tiazofurin and two courses of VP-16 and cisplatin for a 
recurrence 9 months after radiation treatment and 
developed renal failure. He died 12 months after the 
completion of his radiation treatment. An autopsy, 
limited to the spinal cord, showed gross atrophy in 
l.5cm of the mid-thoracic spinal cord, which corre- 
sponded microscopically to an area of severe demyelina- 
tion. There was vascular proliferation with endothelial 
cell hyperplasia and occasionally thickened vessel walls. 
There were also reactive gliosis and perivascular chronic 
inflammation. This case represents a myelopathy for 
which radiation was a contributory cause but probably 
was not the only cause. Furthermore, there is little 
reason to assume that this myelopathy would have been 
avoided if the dose to the spinal cord had been hmi 
to 40 Gy. 






Conclusions F 

Radiation myelopathy continues to occur despite  ! 
greater appreciation of the necessity to keep the dox d 
per fraction constant and low, to allow for complece | 
interfraction repair, and the tendency toward limiting 4 
the cord dose to 45 Gy. Limiting the cord dose to 4$ Gy ` 
is a reasonable action as long as the tumour is 
adequately treated. Reducing the dose below this value 
will not result in overall safer treatments because the 
dose-response function below 45 Gy is flat, i.e. there is 
vittually no dose effect in the low-dose region of the 
dose-response curve. Increasing the spinal cord limit is 
acceptable when it is necessary to do so for adequate 
tumour coverage. | 

The incidence of radiation myelopathy can be 
reduced, not by reducing doses but rather by identifying 
factors that interact with radiation to enhance its effect 
or that reduce the tolerance of the spinal cord to radia- 
tion. Factors that are likely to increase the risk of 
myelopathy are chemotherapy treatments, vascular and 
autoimmune diseases, congenital or acquired. spinal 
abnormalities and any pre-existing CNS damage. Other 
factors may be certain infectious diseases, alcohol abuse, 
hypertension, hypotension and elevated haemoglobin. 
Patients in whom these risk factors are identified could 
receive. specialized. treatment planning to avoid the 
spinal cord, and the remainder of the patient population 
could potentially be given higher doses if the tumour 
control probability could be increased through dose 
escalation. 

No definitive data are currently available on the 
spinal cord's response to retreatment. Animal data 
suggest that the higher the initial dose, the greater the 
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fraction of initial damage that remains unrepaired at 
any given time after treatment. Furthermore, repair of 
occult damage appears to be complete after 1 year. 
Based on preliminary primate data and sparse clinical 
data. we believe that the probability of radiation myelo- 
pathy is 15-20% after two conventionally fractionated 
courses of 45 Gy separated by 2 years. This is a crude 
estimate at best and would probably be increased if 
neurotoxic chemotherapy were given. Of course in 
retreatment, the probability of radiation myelopathy 
must be weighed against the consequences of continued 
tumour growth. 

Multiple daily fractions must be separated by as long 
an interval as possible. Hyperfractionation has much 
less effect in sparing spinal cord injury than would be 
expected on the basis of data for fractionation down to 
2 Gy per fraction and an application of the LQ model. 
Total doses become misleading. A dose of 45-50 Gy in 
1.2 Gy fractions separated by 6 h has not been shown to 
induce radiation myelopathy in humans. 

It is unlikely that any diagnostic procedure could 
yield results that are pathognomonic for radiation 
myelopathy since most demyelinating myelopathies will 
oroduce similar signs, symptoms and test results. 

eas the diagnosis of “demyelinating lesion" may 

ome easier to make with MRI or spectroscopy, 
ing the cause to radiation must be consistent with 
- and anatomical level. Other causes of demyelina- 
on should not be eliminated solely because the patient 
ceived radiation. No effective treatment is known, but 
ainimizing the inflammatory response may ameliorate 
ae symptoms. Furthermore, as the multiple factors that 
contribute to the production of a lesion are identified, 
including possibly disruption of the blood-brain 
barrier, cytokine production, etc., some types of inter- 
vention may be possible based on disrupting the 
complex sequence leading to clinical expression of 
injury. 
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Abstract. The computed tomographic, angiographic and magnetic resonance imaging (MRI) appearances of a benign primary 
choroid plexus papilloma of the cerebellopontine angle are reported. Although benign, this tumour showed local invasion of the 
petrous temporal bone and mastoid air cells. The differential diagnosis of cerebellopontine angle lesions is discussed. Papilloma 1s 
suggested by the presence of a vascular, calcified, enhancing extra-axial mass in or around the cerebellopontine angle. MRI may 
show evidence of high vascularity and internal haemorrhage. Differentiation from other cerebellopontine tumours, most 
particularly meningioma, may not be possible on radiological features. 


Choroid plexus papillomas are benign neoplasms of the 
neuroectoderm, which are commonest in children where 
they account for 3% of intracramal tumours. In adults, 
papilloma accounts for only 0.5% of intracranial 
tumours and the great majority occur within the ventri- 
cular system, predominantly in the lateral and 4th 
ventricles (Rovit etal, 1970). Primary choroid plexus 
papilloma of the cerebellopontine angle has been 
described in only 20 previous cases and the magnetic 
resonance imaging (MRI) appearances in only one 
(Martin etal, 1990). The case presented here has a 
number of distinctive radiological features which are of 
interest in the differential diagnosis of tumours in the 
cerebellopontine region, 


Case report 

A 24-year-old woman presented with a l-year history 
of deafness and tinnitus in the left ear. A few months 
prior to presentation she developed intermittent left- 
sided hemifacial spasm, which resolved spontaneously. 
Initial investigations demonstrated a conductive hearing 
loss but no focal neurological signs were elicited. A 
computed tomographic (CT) scan (Fig. 1) demonstrated 
an isodense enhancing mass in the cerebellopontine 
angle (CPA) with evidence of invasion along the pos- 
terior aspect of-the petrous bone and into the medial 
aspect of the mastoid air cells. There was no evidence of 
tumoral calcification. The adjacent cerebellum showed 
minor shift but there was no evidence of oedema and no 
features of parenchymal invasion. An MRI scan per- 
formed on a 0.5 T scanner demonstrated a markedly 
heterogeneous tumour mass on 7,-weighted sequences 
(Fig. 2a) with areas of focal high intensity around the 
periphery of the tumour and a heterogeneous internal 
signal intensity with focal areas of both high and low 
signal, T.-weighted sequences showed a high-signal- 
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intensity lesion, again. with areas of heterogeneous 
internal signal (Fig. 2b). Following intravenous gadoli- 
nium DTPA (Fig. 2c) the mass showed significant but 
incomplete enhancement affecting mainly the medial 
part of the tumour. There was no evidence on any 
sequence of cerebellar or brainstem invasion or oedema. 
Angiography (Fig. 3) showed a moderately vascular 
tumour fed entirely by branches of the external carotid 
artery arising principally from the occipital branch. 

At surgery, the tumour was found to lie pre- 
dominantly extradurally and to be invading the petrous 
bone. There was a small en plaque element involving the 
dura. The tumour was removed via a combined sub- 
occipital and translabyrinthine approach. Histological 
examination demonstrated fronds of fibrovascular tissue 
covered by uniform cuboidal epithelial cells; immuno- 
peroxidase stains were positive for epithelial membrane 
antigen SIOO and some cells were positive for glial 
fibrillary acidic protein and carbonic anhydrase. The 
diagnosis of extradural benign choroid plexus papilloma 
was made. 


Discussion 

Choroid plexus papillomas within the CPA usually 
develop either as a direct extension of 4th ventricular 
tumours or due to seeding along cerebrospinal fluid 
(CSF) pathways from an intraventricular papilloma 
(Rovit et al, 1970; Russell & Rubenstein, 1971). Only 20 
cases of primary extraventricular papillomas have 
previously been reported (Devadiga et al, 1969; Picard 
et al, 1979; Martin et al, 1990). In the majority of these 
cases the tumour was shown to originate from the small 
choroid tuft which normally protrudes from the 
foramen of Lushka; however, in several cases, including 
the one reported here, there has been no evidence of a 
tumour hilum and a primarily extrudural location has 
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(a) 


(b) 


Figure 1. (a) Pre-contrast scan demonstrates erosion of the left petrous temporal bone and tumour invasion into the mastoid air 
cells. (b) Post-contrast scan demonstrates a well-defined enhancing mass in the cerebellopontine angle 


been identified (Naguib et al, 1981). The angiographic 
demonstration of an external carotid supply to the 
tumour is also in contrast to choroid plexus papillomas 
of the ventricular system, including those which spread 
to the CPA, all of which have a predominantly internal 
carotid or vertebral artery supply (Rovit et al, 1970). 
These findings support the suggestion that CPA papillo- 
mas may develop from an extradural embryonic 
remnant of choroid tissue (Martin et al, 1990). 

CPA papillomas are very slow growing and most 
commonly present between the Ist and 4th decades. 
Symptoms are usually slow in onset and include ataxia, 
V, VII and VIII nerve palsies and sometimes dysphagia. 
It is interesting to note that the development of hemifa- 
cial spasm as seen in the present case has been reported 
previously following development of a choroid plexus 
papilloma in the foramen magnum (Domingues et al, 
1991). Clinical presentation may occasionally be acute 
with the development of secondary hydrocephalus due 
to brainstem compression or secondary extension into 
the 4th ventricle. 

Previous reports have described a non-specific CT 
appearance of a well-delineated mass with marked 
enhancement after intravenous contrast medium. In 
contrast to the current case, intratumoral calcification 
has been described in the majority of previous reports 
(Picard et al, 1979; Naguib et al, 1981; Ford et al, 1988; 


Martin et al, 1990). The finding of tumoral invasion of 


the adjacent petrous bone is unusual and has been 
described in only two previous cases. Naguib et al 
(1981) described a primary papilloma of the CPA 
invading the petrous bone and mastoid air cells similar 
to this case. Martin et al (1990) described a similar 
tumour with invasion of the cavernous sinus. It is 
important to realize that this invasive tendency, 
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commonly associated with choroid plexus carcinoma, ts 
not necessarily an indicator of malignancy and could 
provide a useful diagnostic clue. 

The MRI appearances of primary choroid plexus 
papilloma of the CPA have been described in only one 
previous case and were similar to those presented here 
(Martin et al, 1990). The presence of areas of signal void 
on 7,-weighted images seen in both cases presumably 
corresponds to the rich vascular supply and has been 
previously described in intraventricular choroid plexus 
papilloma. The areas of marked hyperintensity at the 
margin of the tumour on short-TR images were histolo- 
gically demonstrated to correspond to foci of haem- 
orrhagic necrosis. A single similar focus was seen in the 
case of Martin etal (1990). The post-gadolinium 
appearances of these tumours have not been previously 
described and the presence of marked enhancement is 
entirely in. keeping. with. the. vascular nature of the 
tumour. The heterogeneity of enhancement presumably 
reflects regional tumour necrosis. 

The differential diagnosis of tumours within the CPA 
can be difficult when based entirely on radiological 
features. CPA tumours consist predominantly of 
acoustic neuromas (75-90% of CPA masses) and 
meningiomas (2-10*?5, Russell & Rubenstein, 1971). A 
large acoustic neuroma may show areas of calcification 
and significant heterogeneity on MR images; however, 
evidence of tumoral vascularity and the lack of involve- 
ment of the internal auditory meatus made this unlikely 
in the current case. Differentiation from meningioma on 
the other hand may be impossible and this was indeed 
the favoured radiological diagnosis in the present case 
(Zimmerman et al, 1985; Martin et al, 1990). Tumours 
metastatic to the CPA may have a similar appearance to 
that described here and have been mistaken previously 
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(a) (c) 


Figure 2. (a) Coronal 7, spin-echo image demonstrates à mass 
in the left CPA with areas of internal signal void and peripheral 
areas of high signal. (b) Axial 7, spin-echo image demon- 
strating heterogeneous high signal intensity. (c) Coronal 
T -weighted image following intravenous gadolinium demon- 
strates marked but heterogeneous contrast enhancement. 








lor acoustic neuroma and meningioma. Finally, radio- 
logical differentiation from other primary CPA masses | q 


such as arachnoid cysts, paragangliomas, epidermoid FT Nw nt 
cysts and lipomas does not pose a problem since these x A 1 
have widely differing appearances on both CT and 
MRI 

In summary, primary benign choroid plexus papil- 
loma of the CPA is an uncommon lesion which closely Figure 3. External carotid angiogram shows a vascular tumour 
resembles meningioma. The presence of features fed principally by a branch of the occipital artery. 
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indicating local invasion, internal ischaemia or haem- 
orrhagic necrosis may provide pre-operative diagnostic 
indicators. 
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Abstract. Chronic lumbar arachnoiditis has numerous causes, including the introduction of contrast media into the lumbar 
subarachnoid space. The oily contrast medium Myodil (iophendylate) is often cited but the true incidence of symptomatic lumbar 
arachnoiditis due solely to the presence of Myodil is unknown. A retrospective review of 98 patients in whom Myodil was 
introduced by ventriculography or cisternography, i.e. remote from the lumbar spine, revealed no cases of chronic lumbar 
arachnoiditis. All patients were monitored closely for periods ranging from | to 28 years. We conclude that, in these 
circumstances, it is rare for Myodil to produce symptomatic arachnoiditis. 


Lumbosacral arachnoiditis is a well-defined entity with 
numerous aetiological factors (Jorgenson et al, 1975; 
Burton, 1973; Hansen et al, 1978; Quiler et al, 1978). It 
has characteristic radiological appearances (Irstrom et 
al, 1974; Jorgenson et al, 1975; Johnson and Burrows, 
1978). There is, however, no clear consensus on the 
clinical features of arachnoiditis (Jorgenson et al, 1975; 
Quiler et al, 1978; Guyer et al, 1989), The condition is 
most commonly found in patients with a history of 
chronic unremitting back pain following surgery and/or 
after myelography for lumbar disease. Arachnoiditis has 
been demonstrated after myelography alone and recent 
interest has been directed towards the role of the oily 
contrast medium Myodil (iophendylate), How often a 
myelographic investigation is the cause of symptoms is 
unknown, as the clinical picture is frequently compli- 
cated by the back disease for which the myelogram and 
possibly subsequent treatment were undertaken. 

To investigate the possible incidence of symptomatic 
Myodil-induced arachnoiditis, we have reviewed a 
group of patients in whom Myodil was introduced into 
the cerebrospinal fluid (CSF) pathways remote from the 
lumbar spine and for reasons other than low back pain. 


Method 

A retrospective review of clinical notes of patients 
who had undergone ventriculography, stereotactic thala- 
motomy or cisternal meatography using Myodil at 
Manchester Royal Infirmary between the years 1962 
and 1977 was carried out. The review was restricted to 
patients whose notes were readily accessible and to 
those whose follow-up had been for a minimum of 1 
year. All patients had been seen regularly in the neuro- 
surgical outpatient clinic or neurosurgical ward with 


RET SNAG MOSCA Ich me rn rM A tre tod aA Mt dH GAM NAR E EE HOÁ ED 


Stott Lane, Salford M6 SHD, UK. 


758 


careful documentation of symptoms, signs and clinical 
progress. 

The practice of Myodil ventriculography during the 
period considered consisted of the introduction of 
1.5-3 ml into a lateral cerebral ventricle via a burr hole, 
followed by manipulation of the contrast medium into 
the third and fourth ventricles and thence into the spinal 
canal unless a total block to the ventricular system was 
present. The manoeuvre anticipated that the Myodil, 
being heavier than CSF, would descend to the lumbo- 
sacral thecal sac, the most dependent part of the spine. 
Contrast medium was not aspirated. 

The following observations from the clinical notes 
were specifically recorded: diagnosis at Myodil ventricu- 
lography and surgery (if performed), details of Myodil 
flow in the ventricular system and, if a block was 
present, subsequent radiological evidence of residual 
Myodil in the spinal thecal sac. The signs and symptoms 
were recorded at all stages with specific reference to any 
patients who developed back pain, leg pain or other 
problems related to the lumbar region. 


Results 

The clinical notes of 203 patients were reviewed and 
98 patients (47 male and 51 female) had been followed- 
up for | year or more. The mean length of follow-up in 
this subgroup was 10 years (range 1-28 years). 

Seventy-three patients had had diagnostic Myodil 
ventriculography. In 20 patients, Myodil had been 
introduced into the ventricular system for stereotactic 
guidance of thalamotomy. Fifteen patients had had 
more than one procedure. Five patients had had Myodil 
meatography where the contrast medium was intro- 
duced by cisternal puncture. 

Of the 73 patients who underwent diagnostic Myodil 
ventriculography, no block was present in 52. In six 
patients there was obstruction to flow of Myodil, but 
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radiographs taken later for other reasons revealed the 
incidental presence of Myodil in the lumbar thecal sac. 
In the remaining 15 patients there was an obstruction to 
flow and no available evidence that Myodil had, subse- 
quently entered the spinal thecal sac. Of the total of 98 
patients reviewed, five had ventricular shunts inserted 
and 46 underwent more complex cranial surgery. 

Two patients had back pain and leg pain predating 
the procedures, but no subsequent problems were 
recorded after 3 and 14 years of follow-up. Three 
patients were identified as having had symptoms that 
might have been related to the procedure. of whom 
details are given below. 


Case 1 

A 55-year-old man underwent thalamotomy for 
infantile dyskinesis. The next day he developed an 
aseptic meningitis with abnormal CSF (protein 1.33 g/l 
and an elevated white cell count), He made an 
uneventful recovery and the episode was diagnosed as 
an acute reaction to Myodil. He underwent a second 
thalamotomy, which was uneventful, 3 months later. 


Case 2 

A 30-year-old woman had a Myodil meatogram 
which demonstrated an acoustic neuroma. This was 
successfully resected. Two months later she developed 
backache and cramp in the left leg. Plain radiographs of 
the lumbar spine revealed residual Myodil. The symp- 
toms were diagnosed clinically as "Myodil effect" as the 
clinical picture was "not typical of a disc". The condi- 
tion resolved spontaneously and no further symptoma- 
tology was recorded in 7 vears of follow-up. 


Case 3 

A 45-year-old man had a Myodil ventriculogram 
which demonstrated evidence of an acoustic neuroma, 
later confirmed at surgery. A year later he developed leg 
pain. Residual Myodil was observed on plain radio- 
graphs of the lumbar spine. A diagnosis of arachnoiditis 
was made but the pain settled and there was no record 
of leg or back symptoms in the subsequent 13 years of 
follow-up. 


Discussion 

Lumbosacral arachnoiditis is a defined entity, the end 
stage of which is adhesive arachnoiditis. Marked pial 
arachnoid proliferation with dense collagen deposition 
produces encapsulation of nerve roots, which become 
hyperaemic and undergo progressive atrophy. 
Numerous aetiological factors have been recorded 
(Quiler et al, 1978), including myelography, spinal 
surgery, trauma, spinal stenosis, disc herniation, neuro- 
fibroma, subarachnoid haemorrhage and an idiopathic 
group. 

The effects on the arachnoid of contrast agents used 
in myelography have been well documented in animal 
studies when volumes of up to five times those used in 
humans have been employed (Howland & Curry, 1966; 
Bergerson et al, 1971). Further studies have suggested 
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that blood and contrast. medium may combine to 
produce a higher incidence of arachnoiditis as may 
myelography followed by laminectomy (Howland & 
Curry, 1966; Bergerson et al, 1971; Johansen et al, 1984) 

Recent interest has focused on the extent to which 
Myodil used in lumbar myelography could be respon- 
sible for chronic arachnoiditis. The commonest clinical 
features of chronic arachnoiditis are persistent low back 
pain and radiating leg pain but there is no distinctive 
syndrome (Jorgenson et al, 1975; Burton, 1978; Quiler 
et al, 1978; Guyer et al, 1989). Symptoms following 
myelography may be similar to those for which the 
patient. originally underwent myelography and for 
which surgery may have then been carried out. The true 
incidence of symptomatic arachnoiditis resulting from 
M yodil alone is not known. 

To investigate intracranial pathology the group of 
patients we have reviewed had Myodil introduced by 
ventriculography or cisternography, remote from the 
lumbar spine. We have assumed that in patients without 


duced into the ventricular system gravitated to the 
lumbar thecal sac. This was demonstrated radio- 
graphically in six of the patients who had an apparent 
block to the flow of Myodil during ventriculography. 
Only three of the 98 patients developed symptoms that 
could in any way be attributable to the presence of 
Myodil. One man had an acute meningeal reaction, 
which is rare but recognized as occurring in 0.05% of 
Myodil myelograms (Mayher et al, 1971). This patient 
did not develop symptoms of chronic arachnoiditis. It is 
not known whether an acute reaction can indeed lead to 
chronic arachnoiditis. The other two patients developed 
back pain and leg pain, which were attributed to 
Myodil. However, no confirmatory investigation was 
performed and no long-term symptomatology was 
recorded. In these circumstances chronic arachnoiditis 
seems unlikely, 

We have not identified any definite case of chronic 
symptomatic lumbar arachnoiditis in 98 patients who 
had Myodil introduced remote from the lumbar spine. 
We conclude that in these circumstances it is rare for 
Myodil alone to produce symptomatic chronic 
arachnoiditis. 
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Abstract. The correlation of computerized tomography (CT) features with survival of 28 patients with primary intracranial 
lymphoma was analysed retrospectively. Severe perifocal oedema, periventricular tumours and lesions which were non- 
homogenously enhancing or non-enhancing were found to be associated with a poor prognosis. The prognosis when multiple 
lesions were present was almost the same as that of a solitary lesion (p = 0.95). Ring enhancing lesions had considerably longer 
survival. Lesions in the frontal region and those close to the meninges, enhancing homogeneously, had a better prognosis. 


Introduction 
Primary cerebral lymphoma is a relatively rare tumour 
but occurs more frequently than lymphoma spreading 
intracranially from other sources (Lee et al, 1986). In 
the past, these tumours accounted for less than 1% of 
primary brain tumours but in the last 10 years primary 
cerebral lymphoma has tripled in frequency even in the 
non-immune suppressed population (Hochberg & 
Miller, 1988). Parenchymal intracranial lymphoma is 
almost exclusively of the non-Hodgkin type, B-cell 
tumours being more commonly encountered than the 
T-cell type (Bogdahn et al, 1986). Despite the sensitivity 
of these lesions to irradiation and chemotherapy 
(Jiddane et al, 1986) the prognosis remains poor; the 
average survival of untreated patients is around 6 weeks 
(Hochberg & Miller, 1988) but following treatment 
about 50-70% of patients survive for | year and 
between 1694-3095 survive for 2 years (Sagerman et al, 
1983; Helle et al, 1984). 

The aim of our study was to assess the possibility that 
prognosis could be predicted from features shown by 
computerized tomography (CT). 


Material and methods 

We studied the clinical records and CT findings of 28 
patients who were shown by histopathological examina- 
tion to have a primary intracranial lymphoma. The 
study contained 17 men and 11 women, and covered the 
period from 1981 to 1990. The median age of the 
patients was 57 years (range 32-74 years). The common 
presenting symptoms were personality change, unsteadi- 
ness, confusion, weakness and epilepsy. No evidence of 
systemic lymphoma was identified either at presentation 
or subsequently. 26 patients had varying regimes of 
radiation therapy to the whole brain. 13 patients had 
Pu" — —— 
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received a single phase to the whole brain while the 
remainder had a second phase to the tumour-bearing 
area in addition. Doses for completed courses ranged 
from 27 Gy to 54 Gy. Six patients received less than 30 
Gy and 14 patients received less than 40 Gy. 24 mg of 
dexamethasone per day were given in divided doses with 
radiotherapy in all except two patients, for a period of 
8-10 days. 

The CT scans were performed with a Philips 
Tomoscan 350 in 21 patients and an EMI 1010 in seven 
patients. We assessed the number of lesions, degree of 
oedema, location of the lesion and the pattern of 
enhancement. These findings were compared with the 
patients’ known outcome (Table I). The histopathology 
of the tumour was characterized according to the Kiel 
classification. Nine were high-grade, large cell lympho- 
mas, of unspecified group; 14 were intermediate/high- 
grade forms (centrocytic-centroblastic, centroblastic or 
immunoblastic); and five were low-grade types 
(lymphoplasmacytoid or centrocytic). All tumours were 
of B-cell origin. 


Results 

All 28 patients reviewed presented with a neurological 
complaint and had their brain tumour confirmed as a 
lymphoma, either by biopsy or autopsy. At the time of 
presentation there was no evidence of lymphoma except 
in the brain. The survival time was calculated from the 
first presentation up to death or present time. The mean 
and median survivals of the 28 patients were 48.6 weeks 
and 16 weeks, respectively. The histopathological 
features did not significantly influence the survival time 
in this series. Also there was no correlation between the 
CT pattern and the histological type. 

On CT the majority of patients (78%) had lesions 
which were well defined, solid and showed homo- 
geneous enhancement (Table I). This is the commonest 
CT pattern described in the literature (Jack et al, 1986). 
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Figure 1 caption and parts (e) and (f) oppositi 
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(f) 


Figure I. (a) and (b) Severe oedema associated with a well defined suprasellar mass enhancing homogeneously. Lesion spreads via 
£ ! | 


left Sylvian fissure to the surface of whole hemisphere 


homogeneous! 


[here is midline shift to the right. (c) Another patient with a well defined 
enhancing lesion in the left basal ganglia and marked oedema 


Ihe following are CT variants of primary 


intracerebral lymphoma: (d) ring enhancement demonstrated in a solitary lesion lying close to the falx on the right side, (e) non 


iomogeneous enhancement—a lesion in the 


periventricular lesion 


Patients with this type of lesion had a mean survival of 


4] weeks and a median survival of 16 weeks. Following 
treatment with steroids and radiotherapy, 15 patients 
improved clinically and 11 patients remained stable. 
Recurrent tumour was in the same location in two 
patients and in a different place in the other patient 
Examples of tumour types are given in Fig. | 

There were eight patients with multifocal lesions 
They had mean and median survival time very similar to 
those of patients with a solitary lesion (Fig. 2). Five 
patients had severe disproportionate oedema. This was 
defined as oedema extending over an area with a 
diameter more than twice that of the tumour (Fig. | 
a-c). These patients had mean and median survival 
times of 5.6 weeks and 2 weeks, respectively. Patients 
with periventricular lesions and lesions which either 
enhanced non-homogencously or not at all had a mean 
and a median survival of less than 6 weeks 
three patients who had a solitary ring-enhancing lesion 
survived 3 years and all three had completed the two 
phases of radiotherapy. There were four patients who 
had a large, solitary, well-defined lesion based on the 
meninges. These were situated peripherally and 
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nght basal ganglia region with ill defined margin and moderate oedema, and (f) 


a symmetrical enhancing lesion around the occipital horns and in the corpus callosum 


enhanced homogeneously, and meningioma was the first 
suggested diagnosis. The patients with “meningioma” 
like lesions and those with frontal lobe lesions had a 
mean and median survival of about 24 weeks (Table I) 


i1] 


" [] single lesions (20 case 
[1 multiple lesions (8 cas 


No. of 
patients 





0-9 10-19 


20.29 30.39 40.49 


Survival time 


95% confident both groups are not different 


(student's t test) 


Figure 2. Primary intracranial lymphoma:- 
lesions vs, survival time 


multiplicity of 
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Table I Determinants of survival time in primary intracerebral lymphoma 


Number of lesions 
Multiple 
Single 


Oedema 
Severe 
Mild to moderate 


Enhancement 
(a) Homogeneously enhancing, well-defined, solid lesions 
(b) Ring type enhancement 
(c) Non-homogeneous enhancement 
(d) No enhancement 


Site 
Frontal 
Temporal 
Parietal 
Occipital 
Cerebellum 
Basal ganglia 
Corpus callosum 
Periventricular 


"Meningioma -like lesions 
Frontal location 
Parietal location 


Treatment | 
Radiotherapy (dose range-—27-54 Gy) 
Steroids (24 mg dexamethasone/day, for 7-10 days) 


Survival time (in weeks) 


Number of patients 


Mean Median 
8 (30%) $I 17 
20 (70%) 49 16 
5 (18%) 5.6 2.0 
23 (82%) 39.0 21.0 
22 41.0 16.0 
3 156.0 156.0 
2 6.0 6.0 
H 1.0 — 
9 70.0 24.5 
2 23.0 23.0 
4 48.6 4.0 
2 2.0 2.0 
4 36.6 7.0 
2 41.3 15.5 
2 22.0 20.0 
3 1.6 2.0 
4 80.0 24.0 
2 
2 
26 55.6 21.0 





There were 10 burrhole and three stereotactic biop- 
sies. Craniotomy was performed in 13 patients; nine for 
partial resection and four for biopsy only. Of the two 
patients who died before diagnosis or treatment, one 
had periventricular haemorrhagic lesions and the other 
had a diffuse non-enhancing cerebellar lesion. 


Discussion 

The survival time of patients with. primary cerebral 
lymphoma is better than when lymphomatous deposits 
occur secondary to systemic disease (Bogdahn et al, 
1986). In the present report we studied a range of 
features that might relate to prognosis in primary 
lymphoma. The features were: age, histopathology, 
contrast medium enhancement, multiplicity, excess 
oedema, frontal location and treatment. Some of the 
findings both confirm and conflict with previous studies 
and there are new findings which bear a close relation- 
ship to outcome. 

Contrary to a previous report (Hochberg & Miller, 
1988) we have found that patients with multi-focal 
lesions have a statistically similar survival time to those 
with a solitary lesion (Fig. 2). This is an important 
observation and it emphasizes the fact that patients with 
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multiple lesions may respond to treatment in the same 
manner as those with a solitary lesion, and multiplicity 
of tumour does not necessarily indicate a poorer prog- 
nosis. Indeed the number of lesions in any individual 
case may be underestimated by CT. When macroscopic 
pathological examination suggests a solitary tumour, 
histological examination will often show collections of 
tumour cells around vessels in the adjacent tissue and in 
other distant parts of the brain (Adams and Graham, 
1988). The infiltrative nature of lymphoma often means 
that brain tissue is ‘replaced’ rather than displaced by an 
expanding tumour mass. Severe perifocal oedema seen 
in five of our patients was associated with a very short 
survival time and all these patients were in a poor 
physical state at the time of presentation. Although the 
degree of oedema was assessed beyond the enhancing 
edge of lesions, this does not necessarily indicate the 
tumour boundary. Indeed this is suggested by the 
pattern of tumour spread via the Sylvian fissure into the 
cerebral hemisphere (Fig. 1(a)). 

According to Adams & Howatson (1990) our very 
high-grade cytological types appeared to show a more 
aggressive type of growth pattern whilst the low-grade 
tumours showed a more indolent style of growth. It is 
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perhaps surprising therefore that we could detect no 
significant influence on survival from the histopatholo- 
gical subtypes. This is in contrast to the report of 
Hochberg & Miller (1988) in which a series of 66 
patients with primary cerebral lymphoma showed a 
good correlation between histopathology and survival 
time. However, it is possible that the small number of 
cases in our study subjected to this subgroup analysis 
may prevent the identification of a true difference. A 
further immunoglobin-based pathological study carried 
out by Kawakami etal in 1985 showed no close 
relationship with survival time. 

Although patients who are young and without prior 
immunosuppression would be expected to have a longer 
survival than older patients, in this study as in others 
(Bogdahn et al, 1986; Hochberg & Miller, 1988) survival 
time was unaffected by age. The three groups of patients 
which have been identified as being at risk of developing 
non-Hodgkin cerebral lymphoma are transplant reci- 
pients (Hoover & Fraumeni, 1973), patients with AIDS 
and other immunodeficiency syndromes (Levy et al, 
1985). In our study only one patient who had had a 
renal transplant fell into a risk group. 

30% of the lesions in this study were present in the 
frontal lobes. This is in agreement with Jiddane et al, 
(1986) and the percentage is not surprising, because the 
frontal lobe forms the most substantial single propor- 
tion of the brain. The majority of these patients were in 
good general health and performance status at the time 
of the diagnosis. Patients' performance status at the 
outset of treatment has been shown to have a significant 
influence on the survival time (Jayamohan & Rampling, 
1991). There was a longer time interval from the first 
symptom in these patients to presentation, reflecting the 
occult nature of frontal masses. 

Steroids and radiotherapy were the mainstays of 
treatment in our patients. Although it is not possible to 
be certain about the dose-response effect, it may be 
significant that all three patients with ring-enhancing 
lesion who received 54 Gy to the tumour had the longest 
survival. Previous studies have shown improved survival 
time following irradiation (Rampen et al, 1980) but the 
median survival time was only 21 weeks in our patients 
who received radiotherapy. 

In summary, although there was no significant 
influence of histopathology on patients’ outcome in our 
small series, we observed a wide variety of CT patterns 
few of which relate specifically to overall outcome. The 
lesions were shown to arise from any part of the brain. 
We have also observed that the prognosis of patients 
with multiple lesions was almost the same as for those 
with a solitary mass and further that lesions associated 
with severe perifocal oedema carried a grave prognosis. 
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The overall outcome was favourable in patients with 
ring-enhancing lesions, who had received an optimum 
dose of radiotherapy. 
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Abstract. The aims of the study were to determine the frequency of visualization of the normal transverse geniculate ligament 
(TGL3 of the knee on lateral plain radiographs with magnetic resonance imaging (MRI) as a reference, and to determine features 
that make this ligament apparent on plain radiographs. 50 consecutive lateral plain radiographs and sagittal T;,-weighted images of 
corresponding knees were evaluated prospectively. A TGL was considered visualized on plain radiographs when an opacity of 
soft-tissue density was apparent in the posterior part of the Hoffa's fat pad. The TGL was identified in 29 of the 50 (58%) sagittal 
MR images: a TGL was observed on the lateral plain radiographs of six patients (12%). Correlation with the MR images showed 
that, when visualized on plain radiographs, the ligament is at least 3 mm thick and completely surrounded by fat. Our study shows 
that the TGL is a normal variant that can be recognized frequently on lateral plain radiographs of the knee. 


The transverse geniculate ligament (TGL) of the knee is 
a normal anatomical variant that has been recently 
described on lateral plain radiographs of the knee 
(Sintzoff et al, 1991). It has been described previously on 
magnetic resonance images as a source of error in 
interpretation of tears of the menisci of the knee 
(Herman & Beltran, 1988; Mink, 1987; Watanabe et al, 
1989a, bj, The TGL runs in the coronal plane anterior 
to the knee joint capsule. in the posterior part of the 
Hoffa’s fat pad. It connects the anterior horn of the 
medial meniscus to the anterior margin of the anterior 
horn of the lateral meniscus. In cadaver studies, this 
ligament is of variable thickness and may be absent 
(Williams, 1989), The aims of this prospective study 
were (a) to evaluate the frequency of the TGL on plain 
radiographs and on magnetic resonance imaging (MRI), 
and (b) to determine features that make this ligament 
apparent on plain radiographs. 


Materials and methods 

The plain radiographs and MR images of 50 consecu- 
tive patients were evaluated prospectively. The MR 
examinations were performed for suspicion of internal 
derangements of the knee. The mean age of the patients 
was 35 years with a range from 12 to 78 years. There 
were 30 men and 20 women. 

The analvsis of plain radiographs and MR images 
was undertaken separately on the basis of consensus by 
two observers. The lateral plain radiographs were first 
evaluated without the MR images for the presence of 
the TGL, which is a rounded opacity of water density 
surrounded by fat density situated anterior to the knee 
joint (Sintzoff et al, 1991). The TGL was measured 
when present. The MR images were 7,-weighted, 4 mm 
thick and obtained either on a 0.5 or a 1.5 T system 
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(Gyroscan T5, Gyroscan S15, Philips Medical Systems, 
The Netherlands). On MRI, the TGL is a low-signal- 
intensity oval or round structure in the posterior part of 
Hoffa's fat pad (Herman & Beltran, 1988; Mink, 1987; 
Watanabe et al, 19892, b). Its presence, shape and thick- 
ness (corrected to the nearest whole number) were corre- 
lated with the plain radiographic appearance. The fat 
around the ligament was also evaluated. 


Results 

A TGL was identified on plain radiographs in six 
patients (12%). Its mean size was 3.5 mm, ranging from 
3 to 5 mm. It was bilobulated in one patient (Fig. la), 
oval in two (Fig. 2a) and rounded in three (Fig. 3a). On 
MR images the size and shape were comparable and the 
ligament was completely surrounded by fat in all cases 
(Figs Ib, 2b, 3b). In the remaining 44 patients, with 
negative plain radiographs, the ligament was identified 
on MRI in 23 cases. The ligament was incompletely 
surrounded by fat in 13 patients. The average size of the 
ligament was 1.5 mm with a range from | to 3 mm. The 
two ligaments that were 3 mm thick were not completely 
surrounded by fat. The overall frequency of visual- 
ization of the ligament on MRI was 58% (29 of 50 
patients). 


Discussion 

The TGL of the knee lies in the frontal plane anterior 
to the knee joint capsule, in the posterior part of the 
Hoffa's fat pad. It connects the anterior horn of the 
medial meniscus to the anterior horn of the lateral 
meniscus (Williams, 1989). As the region of confluence 
of the ligament with the anterior horn of the lateral 
meniscus and its central tendinous attachments some- 
times has the appearance of a high-signal cleft within 
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(a) 





(h) 


Figure 1. (a) Lateral plain radiograph of the knee shows a bilobulated opacity (white arrow) anterior to the knee joint 


corresponding to the TGI 


(b) Corresponding sagittal MRI image (spin-echo TR 440, TE 20) demonstrates a thick TGI 


ol the 


same shape (black arrow) surrounded by fatty tissue anterior to the knee joint capsule 
| | 


the meniscus on sagittal images, it is a source of mis- 


interpretation of oblique tears of the anterior horn of 


this meniscus (Herman & Beltran, 1988; Mink. 1987: 
Watanabe et al, 1989a, b). We have observed an opacity 
on lateral plain radiographs of the knee thought to be 
this ligament (Sintzoff et al. 1991). The purpose of this 
study was to determine its frequency and the features 
that make it apparent on plain radiographs 

The patients were selected on the basis of availability 
of plain radiographs and MRI. This 
should not have influenced the true frequency of visual- 
ization of the ligament as it is a normal variant. This 
could be proved by evaluation of the frequency of the 
TGL on routine plain knee radiographs but was not 
carried out in this study 

The TGL was observed in 58% of the /-weighted, 


selection bias 


4mm thick, MR images. This frequency may be under- 
esumated as a partial volume effect as the fatty tissue 
may have hidden very thin ligaments. This frequency 
could be more accurately determined by the study of 
thinner slices 

The fact that the opacity apparent on p 
graphs is the TGL is strongly supported by it having the 
same shape and size on plain radiographs and on MRI 
(Figs 1-3). When visualized on plain radiographs, the 
thickness of the ligament, measured on MR images, was 
in all cases 3 mm or more. It was in all cases completely 
surrounded by fatty tissue. This feature makes the liga 
ment evident on lateral plain radiographs if the X-ray 
beam strikes the ligament en face and so is tangential to 
its borders. All ligaments that were not visualized on 
plain radiographs were 3 mm thick or less. The lack of 





ain radio- 





(a) 


(b) 


Figure 2. (a) Lateral plain radiograph of the knee shows an ovoid opacity (white arrow) anterior to the knee joint. corresponding 
to the TGL. (b) Corresponding sagittal MRI image (spin-echo TR 440, TE 20) demonstrates a thick TGL of the same shape (black 
arrow), surrounded by fatty tissue anterior to the knee joint capsule 
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Figure 3. (a) Lateral plain radiograph of the knee shows a rounded opacity (white arrow) anterior to the knee joint, corresponding 
to the TGL. (b) Corresponding sagittal MRI image (spin-echo TR 440, TE 20) demonstrates a thick TGL of the same shape (black 
arrow), surrounded by fatty tissue anterior to the knee joint capsule 


visualization of the TGL on plain radiographs may 
occur for three different reasons: if the diameter of the 
[TGL is too small, if the X-ray beam is not tangential to 
the TGL, and or/if the TGL is incompletely surrounded 
by fat. The last hypothesis is supported by the fact that 
ligaments 3mm thick and not visualized were incom- 
pletely surrounded by fat. 

In conclusion, the TGL of the knee can be recognized 
on lateral plain radiographs of the knee. Correlation 
with MRI shows that the TGL is visualized when it is at 
least 3 mm thick and completely surrounded by fat. 
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Abstract. 23 cases of macrodystrophia lipomatosa (MDL) are reported showing a wide spectrum of radiographic findings. 
Typical findings were hypertrophy of all the mesodermal tissues of the affected digits with dramatic overgrowth of fat. Phalanges 
were enlarged both in length and transverse diameter, but the trabecular pattern was maintained. In one patient, the phalanges 
and metatarsals were elongated but thinned. In another case, all the phalanges and metatarsals of the great toe were small. The 
little toe was also involved in two cases. Articular surfaces were slanting. There was a high incidence of palmar and plantar 
involvement. In a few cases the forearm and leg were also involved. Other uncommon features observed were early maturation of 
epiphyseal centres of ossification of phalanges and metatarsals, syndactyly, polydactyly, brachydactyly and symphalangism. 


Angiography was uncharacteristic. 


Macrodystrophia lipomatosa (MDL) is a rare form of 
localized gigantism of one or more fingers or toes. The 
overgrowth affects all the mesenchymal elements with a 
disproportionate increase in the fibro-fatty tissues 
(Baruchin et al, 1988). It is recognized at birth or in the 
neonatal period. As the patient grows, the deformity 
begins to interfere with joint function, vascular supply 
or innervation. Feriz (1923) coined the term macrodys- 
trophia lipomatosa for localized gigantism of the lower 
extremity. However, Golding (1960) and later Mikhail 
(1964) accepted the term as applicable to the hand as 
well. This congenital anomaly is also called macrodac- 
tyly, megalodactyly, congenital localized gigantism, 
dactylomegaly, gigantomegaly or partial acromegaly. 
The literature pertaining to MDL is sparse. Barsky 
(1967) reviewed 64 cases including eight of his own. 
Other reports in the literature (Minkowitz & 
Minkowitz, 1965; Ben-Bassat et al, 1966; Rechnagel, 
1967; Tsuge, 1967; Thorne et al, 1968; Godman & Kaye, 
1977); include two from India by Tuli et al (1969) and 
Khanna et al (1975). 

Our material consists of 23 cases of MDL, the largest 
series, and describes the radiographic features in detail 
and emphasizes less reported associated findings such as 
polydactyly, brachydactyly, early maturation of epiphy- 
f seal centres of ossification, thinning of metacarpals or 
metatarsals, and symphalangism. 


Clinical and radiographic observations 

Our 23 cases consisted of 16 males and seven females 
with ages ranging from 2 to 24 years. 20 patients had 
single limb involvement while in three there was bila- 
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teral involvement (Fig. la). In five patients, there was 
upper limb involvement while in the remaining 18 
patients there was lower limb involvement. Hypertrophy 
also affected the forearm and leg in a few cases (Figs 
2, 3). 

One digit only was involved in two cases, two digits in 
10 cases, three digits in five cases, four digits in five cases 
and five digits in two cases. In 14 cases, the palm of the 
hand and the sole of the foot were also affected with or 
without involvement of metacarpals and metatarsals 
(Figs 4—6, Table D). 

Almost any combination of digit involvement was 
seen, but the commonest involves the second and third 
digits (seven cases). In bilateral cases, there was no 
evidence of symmetrical involvement (Figs 1,6). 
Affected bones showed an increase in length as well as 
width. Terminal phalanges often showed a mushroom- 
like appearance (Fig. 5). The distal phalanx in some 


Table I. Macrodystrophia lipomatosa: digital combination 





One digit only 

Ist and 2nd digit 

2nd and 3rd digit 

2nd, 3rd and 4th digit 

3rd and 4th digit 

3rd, 4th and Sth digit 

Ist, 2nd and 3rd digit 

2nd, 3rd, 4th and 5th digit 

Ist, 2nd, 3rd and 4th digit 

Ist, 2nd, 3rd, 4th and Sth digit 


The little toe was also involved in two cases 


769 





(aj 





b) 


Figure 1. 


involvement! and 


(a) Radiographs of both feet showing bilateral 
left polydactyly. The first metatarsal and 
phalanges of the first toe ol the left foot are short. The second 
digit shows soft-tissue hypertrophy but there is thinning of the 
and the metatarsal. In the right foot the third, fourth 
ind fifth digits show hypertrophy. There are slanting articular 
(b) Contact 
radiograph showing lucent zones of fatty 
third and fourth digit 


t 
, 


phalanges 


surfaces and dome-shaped terminal phalanges 


print of left foot 


tissue betw ccn the 
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Figure 2. Brachial angiogram showing hypertrophy of the 
digital vessels of the affected first, second and third hypertro- 
phied digits. There is also involvement of the palm and forearm 
in this case 


cases was surrounded by a ring of fatty tissue (Fig. 4). 
Lucent zones of fatty tissue were also discernible in 
some good radiographs (Fig. 1b). In two patients, the 
phalanges of the great toe and first metatarsal were 
smaller than expected. Early bone maturation indicated 
by the larger size of epiphyseal centres of ossification of 
phalanges and metatarsals was also present in a few 
cases (Fig. 5). The articular surfaces of the phalanges 
were often slanting 

Other uncommon features noted were polydactyly 
(two cases), syndactyly (three cases), brachydactyly (two 
cases) and symphalangism (Figs 7, 8). In one case there 
was metatarsal thinning (Fig. la). 

On angiography, the digital vessels were proportiona- 
tely enlarged. There was no indication of arteriovenous 
fistulae or increased vascularity (Fig. 2). Histological 
examination of soft tissues in a few cases following 
operation revealed marked proliferation of fibro-fatty 
tissue. The nerves were thickened with perineural and 
endoneural fibrosis. There was proliferation of fibro- 
fatty tissue between the cortex and periosteum. There 
was no evidence of cutaneous pigmentation or sub- 
cutaneous neurofibromas to suggest a diagnosis of 
neuro-fibromatosis in any of our cases. 
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‘igure 3. AP radiograph of both legs showing soft-tissue hyper- 
trophy of the right leg. The hypertrophy also affected the sole 
of the foot in this case. 


Discussion 
Typical radiographic findings of MDL are over- 


growth of all the tissues of the digits. Broad rings of 
fatty tissue surrounding the phalanx and lucent zones of 


fatty tissue in the enlarged digit reflect the dramatic 
overgrowth of fat characteristic of this anomaly 
(Godman & Kaye, 1977). The phalanges are also elon- 
gated and enlarged in the transverse diameter. The 
articular surfaces may slant. Although distal phalanges 
are broadened or expanded with a dome-shaped appear- 
ance, the trabecular architecture, however, remains 


normal. Advanced epiphyseal centres of ossification of 


phalanges and metacarpals/metatarsals, as reported by 
Ben-Bassat et al (1966) and Godman and Kaye (1977), 
were seen in four cases in our series 

Overgrowth of tissues may extend to the sole of the 
foot or palm of the hand leading to widened intermeta- 
carpal or intermetatarsal spaces. In most of these cases 
there is enlargement of metacarpals and metatarsals 
similar to the phalanges. Though the reported incidence 
of involvement of the palm and soles is low (Dennyson 
et al, 1977), we had 16 such cases in our series. 
Involvement of the forearm and leg by soft-tissue hyper- 
trophy in MDL is also low (Tsuge, 1967). Four cases in 
our series had hypertrophy of the forearm (one case) 
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Figure 4. Marked enlargement of phalanges of the great toe 
There are areas of fat radiolucency surrounding the terminal 
phalanx. 


and leg (three cases) According to most workers 
(Rechnagel, 1967; Thorne et al, 1968; Kapoor et al, 
1988), MDL is almost always unilateral. Barsky (1967), 
Killinger (1925) and Annandale (1956) have, however. 
described one case each of bilateral involvement. None 
of the three cases in our series with bilateral involvement 
were symmetrical. Symphalangism noted in one case 
appears to be an unrecorded observation and presum- 
ably results from an error of segmentation (Littler et al. 
1974). Syndactyly (three cases) and polydactyly (two 
cases) are rare associations of MDL (Kapoor et al, 
1988). Interestingly, in an anomaly where hypertrophy 
of all the mesodermal components of the digits is the 
main finding, there was evidence of underdevelopment, 
in the form of brachydactyly affecting some metatarsals 
and shortening of phalanges and metatarsals of the 
great toe. These unreported observations in MDL may 
be a "vascular steal phenomenon" related to the 
increased blood supply to the overgrown digits 

In most cases more than one digit is involved and 
digits affected are always adjacent (Barsky, 1967) 
Though the commonest digits involved are the second 
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Figure 5. The third digit shows marked enlargement, with a 

shaped terminal phalanx. The second digit is also 

arged. The epiphyseal centres of ossification of affected Figure 7. There is (osseous) syndactyly between the third 4 
phalanges and metatarsals are enlarged; the fourth metatarsal fourth fingers 





ind third, any combination may be seen in a large series 
[able I). Little toe involvement, not previously 
reported, was found in two of our cases 

On angiography, the digital vessel in each digit is 
proportionately enlarged in size but there is no indica- 
uon of arteriovenous fistula or increased vascularity 
Ben-Bassat et al, 1966; Khanna et al, 1975). 





Figure 6. Radiograph showing bilateral involvement. In the left Figure 8. Overgrowth with soft-tissue syndactyly of the second 
foot all the digits show evidence of soft-tissue hypertrophy. The and third digits and involvement of the phalanges and metatar- 
shows hypertrophy affecting the second, third and sals. The fourth metatarsal 1s small. There is symphalangism of 

ligits. The fifth digit is small the second toe 


The British Journal of Radiology, September 1992 


Macrodystrophia lipomatosa 


The most striking finding on histological examination 
IS an increase in adipose tissue interspersed in a fine 
mesh of fibrous tissue, involving the bone marrow, 
periosteum, muscles, nerve sheaths and subcutaneous 
tissues. The increase in the size of the nerves is due to 
infiltration of the sheath by fibro-fatty tissue and not by 
an increase in axons (Ben-Bassat et at, 1966; Tsuge, 
1967). 

Although overgrowth of all the mesodermal tissues of 
the digit is a dominant finding in MDL, associated 
findings of syndactyly, polydactyly, brachydactyly and 
even underdevelopment in a significant number of cases 
indicate there is subtle interaction of many factors, some 
genetic, leading to the wide spectrum of abnormalities in 
this disorder. 
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Abstract. Over a 6-year period, in 1425 adult computed tomographic studies, radiological evidence of fatty infiltration of the liver 
(FIL) was found in 138 patients (9.7%). Patients with FIL had a mean age +SD of 45.9: 15.7 years and 57% were males; the 
majority were Saudis (73%). Most patients (95%) had one or more underlying aetiological causes. Haematological and non- 
haematological malignancies with or without liver involvement were the most frequently encountered aetiological factors (66% of 
patients). FIL contibuted to hepatomegaly or was associated with abnormality in one or more of the liver function tests in 30% 
and 39% of patients, respectively. Assessment of the various radiological patterns showed diffuse fatty changes in 68% of patients 
and solitary or multiple focal changes in 9% and 22%, respectively. 13 patients (9%) showed sparing of the caudate lobe within a 
diffuse fatty process. Patients with diffuse FIL had significantly higher values for alkaline phosphatase (p = 0.0016) and serum 
asparate aminotransferase (p = 0.0251) than those who had the focal pattern. FIL in 20 patients (14%) imposed a difficulty in 
making an appropriate diagnosis, led to inaccurate impressions, or forced unnecessary invasive or non-invasive investigations. We 
conclude from our large series of patients that FIL is not uncommon in hospital practice and among those at risk should always be 


considered as an appropriate diagnosis. 


Fatty infiltration of the liver (FIL) is a well-recognized 
histological and radiological entity presenting diffusely 
or occasionally focally with increased triglycerides in the 
form of droplets in hepatocytes (Scott et al, 1980; Alpers 
& Sabesin, 1982; Halvorsen et al, 1982). 

Although diffuse FIL can be readily diagnosed radio- 
logically, the condition may lead to diagnostic difficul- 
ties or mask a small primary hepatocellular carcinoma 
(Yoshikawa et al, 1988). While it may have a character- 
istic radiological pattern (Scott et al, 1980; Halvorsen et 
al, 1982; Gale et al, 1983), it is not uncommon for focal 
FIL to simulate liver abscess or metastases (Lewis et al, 
1983; Yoshikawa et al, 1987) These diagnostic 
problems can be complicated further by associated 
hepatomegaly and abnormal liver function tests. In 
addition, patients with various forms of cancer are 
particularly exposed to many factors that favour the 
development of FIL (Alpers &  Sabesin, 1982; 
Clendeninn et al, 1985). 

The intricacy of the subject, its diagnostic implica- 
tions and the lack of adequate description of the clinical 
and radiological features of FIL in a large series have 
prompted this study. Data of adult patients with docu- 
mented FIL were examined to assess the radiological 
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patterns and associated clinical and biochemical 


features in a large hospital practice. 


Materials and methods 

Abdominal computed tomography (CT) studies on 
adult patients attending King Fahd Hospital of the 
University over a 5-year period (1985-1989) were retro- 
spectively reviewed independently by two radiologists 
(A.Y.E. and F.A.M.). Radiologists were unaware of 
previous reports and patients’ clinical data and were 
required to report on the presence of FIL and its 
pattern, measured attenuation and other associated 
radiological findings. Discrepancies between the two 
radiologists were reconciled by joint review of contro- 
versial cases and rejection of those remaining discor- 
dant. CT scans were performed with and without i.v. 
and oral contrast media at a slice thickness of 9 mm, 
using a Philips Tomoscan 300. 

Patients were only considered to have diffuse or focal 
FIL if their CT scan showed unequivocal radiological 
evidence with a low attenuation reading of « —10 Hu 
(Scatarige et al, 1984), if liver biopsy was positive or the 
clinical and/or radiological follow-up course was appro- 
priate, Focal FIL was defined as the presence of a non- 
spherical focal area without a mass effect and having a 
low density as defined earlier. Diffuse low attenuation of 
the liver was considered compatible with diffuse FIL. 

The medical records of all identified patients with FIL 
were also reviewed. 
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Data analysis and statistical methods 

Comparisons of discrete variables were carried out 
using y` or Fisher's exact test where appropriate. Means 
of groups of continuous values were compared using an 
unpaired f-test. However, if an assumption of normality 
and equal variance was not shown by Levene's test, 
non-parametric Kruskal-Wallis statistics were used 
(Godfrey, 1985). Values are expressed as mean +SD. A 
two-tailed p value < 0.05 was considered significant. 
For all data analysis the IDP, 3DP, 4FP and 7DP 
programs of the BMDP statistical software were used 
(Dixon et al, 1988). 


Results 

Of 1425 adult CT scans between January 1985 and 
December 1990, 142 patients with FIL were identified. 
However, four were subsequently eliminated owing to 
lack of agreement between radiologists. The remaining 
138 patients constitute the basis of this report. Patients’ 
mean age was 45.9+ 15.7 years and 57% (79 patients) 
were male; 73% (101 patients) were Saudis. 

Table I shows the distribution of potential aetio- 
logical factors for the development of FIL. Patients with 
underlying non-hepatocellular carcinomas (n-HCC), 
lymphoma or Hodgkin's disease and hepatocellular 
carcinoma (HCC) constituted most of our series (66%). 
Of those with n-HCC (54 patients) or lymphoma (21 


patients), only 19 (25%) had documented evidence of 


involvement of the liver by the primary disease process. 
FIL developed in some cancer patients after exposure to 
corticosteroids (11 patients) and/or systemic chemo- 
therapy (32 patients) as evident from their initially 
normal radiological studies. With the exception of one 
patient with chronic alcoholic liver disease, no history of 
alcohol intake was documented in any other patient. 
While 53% of patients had more than one potential 
aetiological factor, seven patients (5%) lacked any. 


Table I. Distribution of potential aetiological causes for the 
development of fatty infiltration of the liver 





Aetiological factor Number of patients (%) 


n-HCC 54 (39) 
High adiposity index ( > 2.5) 51 (37) 
Anticancer chemotherapy 32 (23) 
Lymphoma and Hodgkin's disease 21 (15) 
Corticosteroids I8 (13) 
Hepatocellular carcinoma 16 (12) 
Diabetes mellitus 7 (5) 

Tuberculosis? 7 (5) 

Chronic liver disease 7 (5) 

Hyperlipidaemia | (0.7) 
Cushing's syndrome | (0.7) 
Biliary disease | (0.7) 
Rheumatoid arthritis | (0.7) 
None 7 (5) 





The total number of aetiological factors = 217 (53% of 
patients had more than one aetiological factor). n-HCC, non- 
hepatocellular carcinomas. “Pulmonary or abdominal 
tuberculosis without tuberculous hepatic involvement. 
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Figure 1. CT scan shows diffuse fatty infiltration of the liver 
after i.v. contrast medium, 


Hepatomegaly was clinically evident in 29 out of 98 
patients (30%) in whom the enlarged liver could not be 
attributed to anything other than FIL. 21 of those 29 
patients (72%) had diffuse infiltration while the 
remaining eight had a multiple focal pattern. 

Analysis of CT features of FIL is depicted in Table II. 
Diffuse fatty metamorphosis (Fig. 1) was evident in 94 
patients (68%), of which 13 showed caudate lobe 
sparing (Fig. 2). Follow-up CT scans were available for 
30 patients, with complete or partial resolution of FIL 
in 17 (57%), progressive fatty deposition in eight (27%) 
and no change in five (16%). The mean time interval for 
documentation of radiological changes was 9.4+8.6 
months (range 1-30 months). Parallel changes in liver 
size and liver function tests were also observed. Only in 
10 of the 17 patients (59%) who demonstrated complete 
or partial regression of their fatty liver could the regres- 
sion be accounted for by the effect of therapy or because 
of withdrawal of the causative agent. The 10 patients 


Table Il. Analysis of various radiological features of fatty 
infiltration of the liver (138 patients) 





Radiological feature Number of patients (%) 


Pattern 
difTuse 94 (68) 
focal (solitary) 12 (9) 
focal (multiple) 30 (22 
focal, progressing to diffuse 2 (1) 
Caudate lobe sparing 13 (9) 
Radiological evolution 
not assessed 108 (78) 
completely resolved 11 (8) 
partially resolved 6 (4.5) 
increased diffuse pattern 6 (4.5) 
no change 5 (4) 
focal, progressing to diffuse 2 (1) 
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Figure 2. CT scan after i.v. contrast medium shows diffuse fatty 
infiltration of the liver with an area of sparing in the caudate 


lobe region (marked A) 
splenic attenuatior 


[Ihe CT reading at A was close to 
(marked C) and both were significantly 
higher than areas of dense fatty changes (marked B). 


included four who showed partial regression after stop- 
ping systemic anticancer chemotherapy, four who 
showed partial regression after treating their underlying 
lymphoma, and two tuberculous patients who showed 
complete regression after completion of their antituber- 
culous therapy 


Comparisons were made between the mean values of 


biochemical variables for those patients with diffuse and 


those with focal FIL. Patients with cancer and liver 
involvement, those with hepatoma and those with 


chronic liver disease were eliminated from the compari- 
sons made for liver function tests. The analysis showed 


that patients with diffuse disease had higher levels of 


alkaline phosphatase (24.5 16.7 vs. 13.5 12.8 i.u./ml; 
normal, up to 14 i.u./ml; p = 0.0016) and serum aspar- 
tate aminotransferase (53.5 + 26.6 vs. 38.5 4- 24.7 1.u./ml; 
normal, up to 38 i.u./ml; p = 0.0251) than those with a 
pattern. No other significant difference was 
observed between the two groups for any of the other 
factors tested. Likewise, no significant difference was 
detected between those who demonstrated caudate lobe 
sparing and those who did not 


local 


Table HIT. Prevalence of abnormal liver function tests attributed 
only to fatty infiltration of the liver 





Test Number of patients tested 
(% abnormal) 


Total bilirubin 94 (14) 
Albumin 93 (31) 
Alkaline phosphatase 92 (32) 
Aspartate aminotransferase 92 (38) 
Alanine aminotransferase 92 (25) 
Lactate dehydrogenase 89 (37) 
Gamma glutamyl transpeptidase 80 (43) 


———————————————————— 
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Figure 3. CT scan after i.v. contrast medium shows multifocal 
fatty infiltration of the liver (marked B and C) with an area 
(marked A) of relative caudate lobe sparing. Occult metastatic 
carcinoma was revealed by CT-guided biopsy from area B. 


Table III shows the percentage of patients who had 
abnormal liver function values that could be attributed 
only to FIL. Each individual liver function was 
abnormal in at least one-third of patients. Furthermore, 
approximately 39% of patients had one or more 
abnormal liver functions probably accounted for only 
by FIL. 

In a total of 54 patients, liver biopsy was performed 
for various indications and histopathological evidence 
of FIL was documented in all cases. In only seven 
patients, histological features of chronic liver disease 
were evident (Table I). Of the latter seven patients with 
chronic liver disease, liver biopsy showed schistosomal 
periportal fibrosis in four, chronic persistent hepatitis in 
two, and alcoholic liver disease in one. Conversely, only 
one of the seven patients without an apparent cause for 
FIL had a liver biopsy that showed fatty change without 
other concomitant pathology. 

Clinical data were assessed to determine the diagnos- 
tic difficulties that were encountered because of the 
presence of FIL. In 10 of 54 (19%) patients with n-HCC 
there were diíficulties in management. Four patients had 
hepatomegaly and abnormal liver function tests and 
were thought to have liver metastases or chemotherapy- 
related hepatic toxicity. Subsequently, however, diffuse 
FIL was the only explanation. In the remaining patients 
the presence of multifocal FIL was mistaken for liver 
metastases (four patients) or delayed the recognition of 
hepatic secondaries (two patients) (Fig. 3). Two out of 
16 patients (12.5%) with hepatocellular carcinoma had 
a small primary ( < 4 cm) that was diffusely infiltrated 
by fat, producing a deceptive radiological pattern and 
delaying diagnosis. Three of 21 patients (14%) with 
lymphoma or Hodgkin's disease had hepatomegaly and 
abnormal liver functions due to diffuse (two patients) or 
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unifocal (one patient) FIL that were initially believed to 
represent liver involvement. In patients with underlying 
benign conditions, the presence of FIL caused fewer 
difficulties and forced further invasive investigations in 
only five patients. Two diabetic patients had focal FIL 
that required liver biopsy to exclude the existence of 
malignancy or liver abscess. Similarly, CT-guided liver 
biopsy was indicated in three out of 13 patients (23%) 
who had caudate lobe sparing. which radiologically 
simulated tumours. 

Thus, it is estimated that in 20 out of 138 patients 
(14%) the existence of FIL led to difficulty in making a 
diagnosis, gave an erroneous impression or forced 
further invasive and non-invasive investigations. Of 
those 20 patients, 1 | had diffuse and nine had focal fatty 
deposition. Considering the number of patients in each 
of the two radiological categories, the difference in the 
prevalence of problematical cases in the two radiological 
categories was not statistically significant (p = 0.25). 


Discussion 

Diffuse or focal FIL is a well known entity (Scott et 
al, 1980; Alpers & Sabesin, 1982; Halvorsen et al, 1982). 
While in a normal liver, fat accounts for only 5% of the 
total weight, it may be increased up to 50% in cases of 
severe fatty change. Nevertheless, there is no evidence 
that hepatic fat accumulation by itself leads to cirrhosis 
(Alpers & Sabesin, 1982). Many reports have described 
the radiological and sonographic patterns and the diag- 
nostic challenges imposed by its presence, particularly in 
its focal form, but only in a small number of selected 
patients (Quinn & Gosink, 1985; Baker & Silverman, 
1985; Yates & Streight, 1986; Yoshikawa et al, 1987). 

We have documented FIL in 138 patients identified 
from 1425 (9.7%) abdominal CT scans performed over 
a 6-year period. The mean age (45.9 years) in the current 
series reflects the average age distribution of the under- 
lying conditions. In our series, concomitant malignant 
disease was encountered in 66% of patents, and in 
some (43 patients), corticosteroids and chemotherapy 
have contributed to the development of FIL. However, 
the independent contribution of other associated factors 
that are known to occur in cancer patients, such as 
protein calorie malnourishment or parenteral hyperali- 
mentation, could not be determined precisely. Obesity, 
as reflected by a high adiposity index (weight in 
kg/height in m), was the second most frequent potential 
association. Mild degrees of FIL have been reported in 
about 50% of obese persons but only rarely would 
obesity be associated with gross fatty changes (Kern et 
al, 1973). The distribution of various aetiological factors 
among our patients represents the pattern of FIL in 
Saudi Arabia. In other countries, other factors such as 
alcoholism may be more prevalent. 

Our data have shown that FIL could account for 
clinical hepatomegaly and abnormal liver function in 
30% and 39% of patients, respectively. While in some 
patients the derangement of liver function could have 
been attributed to other concomitant or unrecognized 
factors, hepatomegaly probably would be only 
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explained by FIL after exclusion of other causes, 
Furthermore, the radiological evolution of FIL was 
accompanied by parallel changes in liver size and func- 
tion. Except for higher serum alkaline phosphatase and 
aspartate aminotransferase levels in patients with a 
diffuse pattern compared with those with a focal pattern, 
no other distinguishing clinical features were observed. 

In 20 patients (14%) the existence of FIL had created 
diagnostic problems or erroneous conclusions and in 
some it caused further unnecessary investigations and 
invasive procedures. In 19% of patients with n-HCC, 
the fatty changes either mimicked metastases or 
camouflaged its existence. The CT (Baker & Silverman, 
1985; Yates & Streight, 1986; Yoshikawa et al, 1987) 
and sonographic (Quinn & Gosink, 1985; Yoshikawa et 
al, 1987) similarity between focal FIL and liver tumours 
has been previously described. 

While the coexistence of a large hepatocellular carci- 
noma and FIL was not a diagnostic problem, in two 
patients with a small primary liver tumour ( < 4 cm) the 
diagnosis was delayed owing to the presence of diffuse 
fatty changes, as Yoshikawa et al (1988) also recently 
observed. 

Focal caudate lobe sparing in patients with diffuse 
FIL produced diagnostic problems in three out of 13 
patients with this radiological pattern. Radiological and 
sonographic descriptions of similar sparing of the 
caudate lobe has been recently reported (Sauerbrei & 
Lopez, 1986; White et al, 1987; Arai et al, 1988) and 
explained by the reduction of portal blood flow within 
the spared areas (Gale et al, 1983; Sauerbrei & Lopez, 
1986; Arai et al, 1988). 

Other radiological techniques may be useful in clari- 
fying the presence of FIL, particularly in its focal form, 
and the existence of focal sparing with the diffuse 
pattern. Dynamic CT-arteriography or CT-arterial 
portography have been shown to be helpful (Yoshikawa 
et al, 1988; Arai et al, 1988). Technetium sulphur-colloid 
scintigraphy may show normal photon activity in areas 
of fatty infiltration, while metastases usually appear as 
areas of photon deficiency (Halvorsen et al, 1982). 
Xenon scintigraphy typically shows photon activity in 
regions of fatty infiltration, reflecting the solubility of 
xenon in lipids (Patel et al, 1982). Recently, magnetic 
resonance imaging has proved valuable in the detection 
of focal hepatic lesions, including focal FIL (Foley et al, 
1987). Unfortunately, these techniques were available to 
only a few of our patients. 

In conclusion, this large series has shown the spec- 
trum of FIL in a hospital practice and has illustrated the 
scale of its clinical and radiological manifestations. The 
presence of fatty change substantially influenced diag- 
nosis in 14% of our patients. Radiologists and clinicians 
alike should be aware of the radiological, clinical and 
biochemical manifestations of FIL to avoid unnecessary 
investigations or overlooking more serious pathology. 
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Abstract. Prior to non-surgical therapy of gallstones it is important to assess their number and size. In order to evaluate the 
accuracy of ultrasound (US) and oral cholecystography (OCG) in counting and measuring gallstones, a prospective blind study 
was conducted to compare the results of US (n = 99) and OCG (n = 36), either alone or in combination (n = 34), with the number 
and size of gallstones retrieved after cholecystectomy. The number of gallstones was accurately estimated by US and OCG in 74% 
and 69% of the cases, respectively. In assessing the presence of up to three, five or 10 gallstones both US and OCG proved reliable. 
In measuring the size of gallstones, there was 19% accuracy with US compared with only 3% with OCG. With an accepted 
measurement error of 3 mm these values increased to 80% for US and 44% for OCG. US proved more reliable than OCG in 
discriminating gallstones smaller or larger than 10 mm and smaller or larger than 20 mm, but with US, detection of gallstones 
larger than 30 mm was problematic. Both US and OCG underestimated gallstone size. The combination of both techniques did 
not significantly improve the assessment of either number or size of gallstones compared with the results obtained with US or 
OCG alone. It is concluded that (1) both US and OCG have some limitations in assessing the number and size of gallstones, (2) the 
combination of both examinations does not improve acccuracy, and (3) patient selection for non-surgical treatment of gallstones 


can be started by US alone. 


With the introduction of non-surgical treatment of 
gallstones, the demands for diagnostic imaging of gall- 
bladder disease have changed. It is no longer sufficient 
to establish only the presence of gallstones. In order to 
select the proper non-surgical treatment, information is 
also needed about the number, size and chemical com- 
position of the stones together with the functional status 
of the gallbladder (Simeone et al, 1989). The primary 
imaging modalities for gallstone disease are ultrasound 
(US) (Cooperberg & Burhenne, 1980) and oral cholecys- 
tography (OCG) (Gelfand et al, 1988; Maglinte et al, 
1991). US has certain limitations in assessing the 
number and size of gallstones (Simeone et al, 1989; 
Brandstetter et al, 1989; Brink et al, 1989; Mathieson et 
al, 1989; Garra et al, 1990), whereas OCG is reported to 
be more appropriate in this respect (Maglinte et al, 
1991). The aim of this investigation was to evaluate the 
accuracy of US and OCG, in combination and alone, in 
assessing the number and size of gallstones. For this 
purpose we correlated, in a prospective blind study, the 
results of US and OCG with the number and size of 
gallstones retrieved after cholecystectomy. 
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Materials and methods 

From April! 1988 to May 1990, 99 patients (22 male, 
77 female, mean age 52 years, range 20-83 years) with 
symptomatic gallstone disease underwent US and OCG 
as part of their diagnostic workup for selection for non- 
surgical treatment. The patients underwent cholecystec- 
tomy either because they were randomized for operation 
in our on-going trial of lithotripsy vs. cholecystectomy 
(den Toom et al, 1992) or because they did not meet the 
criteria for lithotripsy (den Toom et al, 1992). 

US and OCG were performed in the fasting state on 
the same day by different radiologists and data were 
recorded on standardized forms, without knowledge of 
the results of the other examination. US was performed 
with real-time equipment (Toshiba, Aloka) with 
3.5 MHz or 5.0 MHz curved array and sector trans- 
ducers. Sections of the gallbladder were obtained in 
different planes with patients in supine, left posterior 
oblique and erect positions. OCG was performed after 
oral intake of 4g iocetamic acid (Cholebrine, Dagra 
Pharma B.V., Diemen, The Netherlands) the evening 
before the examination. OCG examinations included 
supine, prone oblique and erect spot radiographs of the 
gallbladder, made during fluoroscopy on a Bucky table. 
Only examinations with diagnostically sufficient opacifi- 
cation of the gallbladder were included (36 out of 53 
OCG examinations, 67%). When both US and OCG 
examinations were available for the same patient (7 = 
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Figure 1. Percentages of correctly assessed numbers of gall- 
stones on US (n = 99), OCG (9 = 36) and combined US and 
OCG (n = 34). 


34) the largest diameter and largest number of gall- 
stones recorded were considered as the outcome of the 
combined examinations. 

After cholecystectomy, the gallbladder content was 
collected for analysis. Only stones with a diameter of 
z imm were counted. The numbers of aai were 


Only the largest bin was measured. In the « case ot 
non-spherical stones the largest diameter was recorded. 
Measurement of stone size by OCG was corrected for 
an empirically determined magnification factor of 1.3. 


Data analysis 

The percentage correct was defined as 100 times the 
proportion of US or OCG that agreed with the post- 
operative results, divided by the total number of exam- 
inations. This proportion is referred to as the positive 
predictive. value. Percentages correct. were compared 
using a standard test to compare two proportions 
assuming a binomial distribution (Armitage & Berry, 
i987). Receiver-operating characteristic (ROC) graphs 
(Swets, 1979) were used to compare the efficacy of US 
and OCG in predicting gallstone sizes at various cut-off 
points. 


Results 

The results are presented in Figs 1-5. Figure 1 shows 
the correctly assessed numbers of gallstones on US, 
OCG and the results of the combined techniques based 
on the examination revealing the largest number of 
stones, The number of gallstones was accurately esti- 
mated by US and OCG in 74% and 69% of the cases, 
respectively. In assessing the presence of two, three, four 
or five gallstones OCG was slightly, but not signifi- 
cantly, more accurate than US: 67% and 44%, respec- 
tively, The results did not improve significantly when 
US and OCG were used in combination. 

In assessing the presence of up to three, five or 10 
stones the results obtained with US and OCG were 
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Figure 2. Percentages of correctly assessed presence of up to 
three, five or 10 gallstones on US (n = 99), OCG (n = 36) and 
combined US and OCG (n == 34). 


similar. Again, combined US and OCG did not signifi- 
cantly improve the results (Fig. 2). 

Figure 3 shows accuracy of US and OCG in 
measuring gallstone diameter and the results of the 
combined techniques for which the largest measured 
diameter was used in the analysis. There was 19% 
accuracy with US compared with only 3% with OCG; 
with an accepted error of 3mm the percentage correct 
increased to 80% for US and 44% for OCG; with an 
accepted error of 5 mm the percentage increased to &7% 
for US and 79% for OCG. For up to 4mm measure- 
ment error these results are significantly better for US 
compared with OCG (p < 0.05). The combination of 
US and OCG did not improve these results compared 
with either examination performed alone. 

The results of the diameter measurements on US were 
independent of the number of stones. Percentages 
correct of the predicted measurements on US were not 
significantly different when the gallstone population was 
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Figure 3. Percentages of correctly measured gallstone diameters 
on US (n = 95), OCG (n = 34) and combined US and OCG 
(n = 34). 
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Figure 4. ROC graphs for discriminating gallstone diameter with (a) US (n == 95) (b) OCG (n = 34). 
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Figure 5. Post-operative measurement of gallstones compared with (a) US and (b) OCG. 
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divided into single vs. multiple stones, up to three vs. 
more than three stones, or up to five vs. more than five 
stones. The stone population was also divided into 
stones up to 15 mm in diameter (n = 58) vs. larger than 
15 mm (n = 37). In assessment of stone diameter, US 
was proved significantly better (p « 0.05) with stones up 
to 15mm than for larger stones, irrespective of the 
accepted measurement error. 

Figure 4 shows ROC graphs for discriminating gall- 
stone size with US (Fig. 4a) and OCG (Fig. 4b) at 
various cut-off points. Since the entire curve for US lies 
closer to the upper left corner than the curve for OCG, 
US has more discriminating power than OCG, irrespec- 
tive of the cut-off points. Nevertheless, US missed two 
out of three cases in detecting gallstones larger than 
30 mm. 

Figure 5 shows differences in post-operative measure- 
ments of gallstone diameter compared with US (Fig. 5a) 
and OCG (Fig. 5b). Both US and OCG underestimate 
gallstone size. 


Discussion 

This study compared the accuracy of US and OCG in 
assessing the number and size of gallstones. To our 
knowledge this has not been described previously. The 
results show some limitations for both US and OCG, 
either alone or in combination. 

With US there were problems in assessing the precise 
number of stones in the presence of two to 10 stones, 
which confirms the suggestion by other investigators 
(Simeone et al, 1989) that US appears to be less accurate 
in counting stones. With OCG the estimation was 
slightly more accurate with two to five stones, but the 
overall results in assessing the number of gallstones were 
similar to those with US. Simeone and coworkers 
suggested performing both US and OCG and that the 
examination revealing the largest number of gallstones 
should be considered to be correct. As the results of this 
study did not improve using this method, we cannot 
support their conclusion. Selection criteria for biliary 
lithotripsy vary in the number of stones that can be 
treated (den Toom et al, 1992; Schoenfield et al, 1990; 
Burhenne et al, 1989; Sackmann et al, 1988). Although 
in this study both US and OCG showed limitations in 
counting numbers of stones, these techniques can be 
used as tools to select patients, independent of the 
number of stones that are accepted for treatment 
(Fig. 2). 

In assessing stone size, US becomes more reliable with 
an accepted measurement error of 3mm, while OCG 
reaches a reliable standard only at an accepted error of 
Simm. When taking the’ largest measured diameter on 
US or OCG as the correct diameter, the results in this 
study did not improve. This is in contrast to a report by 
Simeone et al (1989). 

in measuring stone size both US and OCG under- 
estimate size and detecting stones larger than 30 mm 
was problematic with US. This is important, because 
most protocols for biliary lithotripsy exclude stones 
larger than 30 mm. Unfortunately this study had no 
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OCG examinations with stones larger than 30 mm 
proven post-operatively. The accuracy of US and OCG 
in counting and measuring gallstones will be influenced 
by patient, technical and observer-related factors. For 
example, in obese patients the use of 5 MHz transducers 
in US is limited and can be a cause of less-accurate 
measurements (Garra et al, 1990). Obesity will also 
influence the effect of radiographic magnification on 
OCG examinations. 

In this study the measurements were corrected with a 
magnification factor of 1.3 for all OCG examinations, 
independent of the weight of the patient, which could 
have contributed to the less-accurate measurements 
obtained on OCG. In addition, the stone burden and 
composition of the stones can influence the level of 
accuracy. With US, stones can be hidden in the acoustic 
shadow of other stones, and axial measurements, which 
are more accurate than transverse measurements, are 
not always possible. Similarly OCG can miss small and 
slightly calcified stones or underestimate the size if a 
calcified rim is missed. The quality of US examination is 
highly dependent on the expertise of the investigator 
(Mathieson et al, 1989) as is OCG. 

Al| examinations were performed under routine 
conditions by different radiologists and therefore this 
study reflects common radiological practice. Based on 
the results of this and a previously published study 
(Brakel et al, 1991), some guidelines are suggested for 
imaging strategies in patient selection for biliary litho- 
tripsy. In our opinion there are two main options: 


1. Patient selection starts with US examination. 
Patients with a contracted gallbladder (11% in our 
previously published study) (Brakel et al, 1991) are 
excluded because this US finding has proven to be 
highly specific in predicting non-visualization of the 
gallbladder on OCG (Brakel et al, 1991). Stone impac- 
tion in the gallbladder neck or cystic duct (13% in our 
previously published study) (Brakel et al, 1991) also 
reliably predicts non-visualization on OCG, but here 
there could, however, be a role for lithotripsy, because 
this therapy could re-establish cystic duct patency. 
Patients with more than three (45% in this study), five 
(34%) or 10 (24%) stones are excluded depending on 
the chosen protocol for lithotripsy. The remaining 
patients (44%, 55% or 65% according to the accepted 
number of stones) should undergo OCG for the 
following reasons: 


(a) Visualization of the gallbladder on OCG is 
mandatory, because this ensures both cystic duct 
patency and concentration capability of the 
gallbladder. 

(b) To obtain information about the chemical com- 
position of gallstones, although OCG has limita- 
tions for this purpose. Buoyancy is a specific sign 
for cholesterol stones but unfortunately it is an 
infrequent finding. Radiolucency versus radio- 
opacity is unreliable in distinguishing cholesterol 
stones from pigment stones and computed tomo- 
graphy has proven to be more reliable for 
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predicting gallstone composition (Brakel et al, 
1990). 


2. The other option is to perform both US and OCG 
on the same day and consider it as one examination. 
Although this option has logistical advantages, the 
results of this study indicate that this will not improve 
the outcome and, therefore, some patients (44-65%) 
will unnecessarily be subjected to OCG. 


It is concluded that (1) both US and OCG have some 
limitations in assessing the number and size of gall- 
stones, (2) the combination of both examinations does 
not improve the results, and (3) patient selection should 
start with US, which would exclude +50% of the 
patients for biliary lithotripsy. 
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Abstract. Our previous studies have shown that there is more regrowth delay in mammary tumours irradiated in C3H mice after 
25 Gy when breathing normobaric oxygen than in those breathing air, as might be expected. However, in both cases this radiation 
response was reduced in anaesthetized animals in comparison with unanaesthetized control mice, when a time interval of only 10 
min was allowed after anaesthesia. After 25 min, however, the response in air returned to the control level and the oxygen group 
now showed significantly more radiosensitization. We have now found that when tumour-bearing mice were exposed to different 
pressures of oxygen for that 25-min period after the induction of anaesthesia, before the tumours were treated with 25 Gy, there 
was even more regrowth delay with 2 atm pressure than 1, but that there was no further advantage from using 3 atm pressure of 
oxygen. Our data suggest that 2 atm may be the optimal pressure to use in anaesthetized mice and there is even a small benefit 
from using this pressure in unanaesthetized animals for a transplanted C3H mammary tumour. 


The pioneers who used hyperbaric oxygen (HPO) with 
radiotherapy worked on the assumption that the higher 
the oxygen tension the more this would lead to the 
oxygenation of hypoxic tumour cells. With pressures 
above 3 atm absolute, however, there was the risk of 
convulsions unless anaesthesia was used. 
Churchill-Davidson et al (1957) chose to treat their 
patients “at three atmospheres absolute not because 
there is evidence that this is the optimal level, but 
because it would seem to be near the upper limit of 
safety, and if there is an oxygen effect it would be likely 
to be more marked, or at least more consistent, the 
higher the pressure of oxygen used”. They went on to 
comment that “it is probable that different pressures 
will be required to produce optimal results in tumours 
with different circulatory conditions”. We have exam- 
ined this phenomenon using our C3H mouse mammary 
tumour model. 

Previous studies have shown that with HPO at 3 atm 
absolute, the curative effect of single doses of radiation 
was enhanced by a factor of 1.7 if the mice had been 
anaesthetized with ketamine and diazepam (Tozer et al, 
1984). More recently, we have asked the question: 
Which is more important, the pre-irradiation breathing 
tme (PIBT) of oxygen, or thé pre-irradiation anaes- 
thetic timc? Because the HPO technique requires a 
minimum pressurization and "soaking" time of 25 min, 
we had to use normobaric oxygen for this study. This 
showed that without anaesthesia there was no variation 
in radiation response whether oxygen was breathed for 
0, 15 or 30 min before the commencement of irradiation 
(Nias & Perry, 1989). On the other hand, we found a 
marked variation in radiation response in terms of 
regrowth delay, when ketamine and diazepam anaes- 
thesia was used during normobaric oxygen breathing. 
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There was a small fall in radiation response 10 min after 
anaesthesia but a large rise in response by 25 min, which 
was still maintained at 40 min. 

We interpreted this on the basis of a reversible vaso- 
dynamic response, the vasoconstricting effect of oxygen 
breathing being reversed by vasodilation owing to 
anaesthesia. The optimum pre-irradiation time interval 
was thus 25 min after the induction of anaesthesia when 
normobaric oxygen was used. 

We have now used that time interval to compare the 
effects of air and oxygen at 1, 2 and 3 atm absolute on 
the radiation response of the C3H mouse mammary 
tumour. 


Materials and methods 

A serially transplanted line of C3H mouse mammary 
adenocarcinoma (Nias et al, 1980) was used in 
SPF-derived inbred C3H mice. Single doses of 25 Gy of 
250 kVp X rays (0.83 mm Cu half-value thickness) were 
delivered at 200 cGy/min to mice breathing air or 
oxygen at various pressures in a chamber used for 
hyperbaric oxygen studies (Tozer et al, 1984), with all 
but the tumour shielded by 2 mm of lead. Ketamine 
(45 mg/kg) and diazepam (0.5 mg mouse) anaesthesia 
were administered by intraperitoneal injection. Tumour 
volume was determined from three perpendicular 
measurements and growth expressed in terms of the 
mean (+ standard error (SE) of the mean) time taken by 
a group of tumours to reach 3.5 times the initial treat- 
ment volume, which was approximately 200 mm’. The 
sizes of individual tumours were related to their indivi- 
dual treatment volumes. For unirradiated tumours the 
time to reach 3.5 times the initial volume was about 
6 days for animals sham irradiated but breathing both 
air and oxygen, with or without anaesthesia. 
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Figure 1. Growth delay of C3H mouse mammary tumours 
irradiated with 25 Gy in air or various atmospheres absolute 
(ATA) of oxygen either with or without anaesthesia. Values are 
shown as the mean +SE of the mean. 


Animals were placed in the hyperbaric chamber and 
exposed to oxygen at various pressures for 25 min 
before irradiation. The anaesthetized animals were 
injected with ketamine and diazepam 10 min before 
exposure to oxygen to allow time for them to be placed 
in the hyperbaric chamber. At least 10 animals were 
used for each experimental point. Statistical compari- 
sons were made using Student’s /-test. 


Results 

Figure | shows data pooled from two separate experi- 
ments that gave very similar results. As might be 
expected, there was more growth delay of tumours when 
the animals breathed oxygen at ! atm absolute rather 
than air. There was still more growth delay when the 
animals breathed oxygen at 2 atm absolute but, unex- 
pectediy, oxygen at 3 atm absolute did not lead to any 
further increase in growth delay. 

The effects were more marked in anaesthetized 
animals but even the unanaesthetized animals showed 
the most tumour growth delay when breathing oxygen 
at 2atm absolute. With 3 atm absolute these unanaes- 
thetized animals showed a significant reduction in 
tumour growth delay compared with that at 2 atm 
absolute, which was clearly the optimum pressure of 
oxygen for radiotherapy in this mouse tumour system. 


Discussion 


There have been very few studies of the effectiveness 
of 2atm absolute of oxygen in the radiotherapy of 
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tumours. All the MRC sponsored clinical trials (Dische, 
1979) employed 3atm absolute of oxygen without 
anaesthesia, which is rarely used in clinical practice. 
Anaesthesia was not used by Gray et al (1953) in their 
studies of growth delay after single doses of X-rays to 
Ehrlich ascites tumour implanted in the mouse leg. They 
found an enhancement ratio of 1.5 with | atm absolute 
and 2 with 3 atm of oxygen but did not investigate the 
effect of 2 atm absolute. 

To our knowledge, the only study comparing the 
effectiveness of 2 atm absolute with that of other oxygen 
pressures was that of Thomlinson and Craddock (1967) 
using the RIBS fibrosarcoma in rats with sodium amytal 
anaesthesia. They also measured growth delay after 
single doses of X-rays to tumours implanted in the 
flank. Compared with a control time of 6 days (to grow 
from 9 to 25 mm diameter), tumours treated with 3 Gy 
took 30.1 days when 1 atm absolute of oxygen was used, 
40.4 days with 2 atm, 39.3 days with 3atm and 30.8 
days with 4 atm absolute of oxygen. As with our own 
study, the maximum effect was with 2 atm of oxygen. 
Increasing the pressure to 3atm produced no more 
growth delay and 4 atm actually reduced it. 

The studies of tumour oxygenation under various 
pressures of oxygen made by Mueller-Klieser et al 
(1983) may explain these findings. They used a cryo- 
biopsy technique to measure oxyhaemoglobin satura- 
tion values in tumours implanted into the thigh of rats 
anaesthetized with sodium pentobarbital. The frequency 
distribution curve in rats breathing air showed many 
values with less than 50% oxyhaemoglobin saturation. 
There were fewer such values with 1 atm of oxygen and 
even fewer with 2 atm. At that pressure of oxygen most 
of the oxyhaemoglobin saturation values exceeded 80%. 
When the rats breathed 3 and 4 atm of oxygen, there 
was little further change in these frequency distribution 
curves. These studies seem to confirm the conclusion 
that there is little. advantage, in terms of tumour 
oxygenation, of increasing the pressure of oxygen 
breathed above 2 atm absolute, certainly in anaesthe- 
tized animals. 

There is a physiological explanation for this. There is 
a limit to the effect of increasing the partial pressure of 
oxygen inspired. Since haemoglobin is 97% saturated 
during normal air breathing it will rapidly become 
saturated as the inspired gas oxygen content is increased 
to 100%. Once haemoglobin is completely saturated any 
extra oxygen carried by the blood must be carried in 
physical solution in the plasma. For this reason, large 
increases in the pressure of oxygen breathed will only 
increase the total amount of oxygen carried by the 
blood by a small amount. 

Because anaesthesia was used, there is a further 
explanation of our findings on the basis of a reversible 
vasodynamic response, the vasoconstricting effect. of 
oxygen breathing being reversed by vasodilatation as a 
result of anaesthesia. We had used this hypothesis to 
explain the results of our earlier studies where we deter- 
mined the optimum time interval between the induction 
of anaesthesia and the irradiation of our mouse tumours 
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(Nias & Perry, 1989). Such a reversible vasodynamic 
response is even more likely to apply to our present 
studies: as the oxygen pressure is increased, there should 
be more radiobiological benefit but also more vasocon- 
striction, but the latter can be reversed by the vasodi- 
lating effect of anaesthesia. With such opposing 
mechanisms, it is reasonable to suppose that there will 
be a peak at one particular pressure and this is what we 
found at 2atm (and a post-anaesthetic period of 
35 nun). 

In terms of clinical application to radiotherapy prac- 
tice, there would be an advantage in using the lower 
pressure of 2 atm of oxygen (compared with 3 atm) in 
being able to reduce the PIBT and "soaking" time 
before treatment. Our studies have shown a greater 
advantage of 2 atm of oxygen in mice anaesthetized with 
ketamine and diazepam than in  unanaesthetized 
animals. Insofar as clinical radiotherapy is concerned, 
however, the addition of anaesthesia to hyperbaric 
oxygen would be a disadvantage. 

On the other hand, we have noted a similar advantage 
when mice were treated using diazepam alone without 
ketamine (Nias et al, 1989) and that should be a feasible 
regime in clinical practice. 
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Abstract. Patients designated to receive ""I-meta-iodobenzylguanadine (mI BG) for the treatment of neural crest tumours have 
been scanned with '“I-mIBG using the MUP-PET positron camera. Uptake was detected in tumour sites in lung, liver and 
abdomen. The tomographic images produced have allowed estimates to be made of the concentration of mIBG in both tumour 
and normal tissue. From these data it is possible to predict the radiation doses that would be achieved using therapy levels (up to 
11 GBq) of "'I-mIBG. The levels of tumour uptake are between 0.5 and 2.0 kBq/g indicating that the radiation doses to tumour 


would be in the range 3 Gy to 7.5 Gy. 


Many normal tissues, and tumours that derive from 
them, are involved in active metabolic processes, the 
products of which can sometimes be detected in body 
fluids and tissues. This can have important implications 
for oncology, providing a possible means of diagnosis, 
monitoring tumour activity after treatment and even 
targeting antitumour therapy. 

Catecholamines are a group of substances produced 
by tissues of neural crest origin which act as neurotrans- 
mitters in the sympathetic nervous system. Many 
tumours arising from neural crest-derived structures 
retain this function, which may provide a method for 
diagnosis either through urinary catecholamine levels or 
by meta-iodobenzylguanidine (mIBG) scanning. 

mIBG is a synthetic physiological analogue of 
guanethidine developed in the USA (Wieland et al, 
1980). This novel radiopharmaceutical has been success- 
fully used to image neuroblastoma and phaeochromo- 
cytoma. The in vivo uptake of  "'"I-mIBG in 
neuroblastoma tissue has been measured from surgical 
samples to be in the range 0.002-0.2% of injected dose 
per gram (Moyes et al, 1988) confirming the possible 
application of "'I-mIBG as a therapy agent for neural 
crest tumours. Several authors have reported the use of 
this agent in the treatment of neuroblastoma (Hoefnagel 
et al, 1988) and phaeochromocytoma (Khafagi et al, 
1991) and their results indicate some therapeutic 
efficacy. However, the level of radiation dose to tumour 
achieved in such treatments is difficult to estimate. We 
have described previously the use of positron emission 
tomography (PET) using the tracer I (Ott et al, 1987; 
Flower et al, 1989) to determine the radiation dose to 
thyroid disease obtained using Na"'I therapy. We 
present here the results of measurements with PET and 
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^I. mIBG leading to estimates of the radiation dose to 
two patients, one with adult neuroblastoma and a 
second with phaeochromocytoma, who were designated 
to receive therapy with "'I-mIBG. 


Methods 
Patients 

Patient P.W. presented in July 1987, at the age of 43 
years, with a 3-year history of weight loss. Investigation 
revealed an abdominal mass and a lesion suggestive of a 
metastasis within the liver. Biopsy of the mass provided 
the diagnosis of neuroblastoma with early differen- 
tiation. Treatment was instituted as for a child with 
neuroblastoma and he was given six courses of corn- 
bination chemotherapy followed by surgical debulking. 
This was followed by intensive chemotherapy in the 
form of high-dose melphalan accompanied by autolo- 
gous bone marrow rescue. Symptomatically he was 
improved following this, although there was no objec- 
tive evidence of tumour response. A '?I-mIBG scan, 
performed at this time as a baseline, demonstrated 
uptake in a large epigastric mass with a smaller tumour 
visible in the lower lumbar region. 

Over the next 18 months the computed tomography 
(CT) and mIBG scan appearances were essentially 
stable but his condition gradually deteriorated with 
weight loss again being the predominant feature. As a 
result, he was offered '"'I-mIBG therapy and it was at 
this stage that '“I-mIBG with PET was performed to 
estimate the likely radiation dose to be delivered to the 
tumours. Because of his heavy pre-treatment with 
chemotherapy, bone marrow was harvested and stored 
in case of severe marrow toxicity following the mIBG 
treatment. 


Patient R.G. presented in 1984, at the age of 62 years, 
with a right suprarenal mass. This was surgically 
removed and histology confirmed the suspected diag- 
nosis of phaeochromocytoma. Post-operatively his 
symptoms improved and over the next 4 years he was 
well, did not require any further treatment and was 
monitored for tumour activity by sequential urinary 
catecholamine examinations. In January 1988 the cate- 
cholamine level rose and staging investigations demon- 
strated two small lung metastases and three lesions in 
the liver. As these changes were not accompanied by the 
development of symptoms, he remained on a watch 
policy. However, by 18 months later he had lost a 
considerable amount of weight and had abdominal 
discomfort from hepatic enlargement. A diagnostic 
mlBG scan showed uptake within the tumour sites and 
he was therefore given a therapy dose (5.5 GBq) of 
“SmI BG. 

There was no firm evidence of tumour response to 
this initial therapy and when he was referred to this 
hospital for consideration of a second therapy dose it 
was felt that some estimate of the likely radiation dose 
achievable would be important in aiding clinical judg- 
ment of the usefulness of such a treatment. 


Production of ^I 

7] is a proton-rich iodine radioisotope with a half- 
hfe of 4.2 days making it a suitable tracer for studying 
agents with an extended biological action such as mIBG 
and monoclonal antibodies. The isotope decays via elec- 
tron capture (75%) and positron emission (25%). The 
former decay produces several high-energy single 
photons, the most frequent being of energy 617 keV 
(6295), 723 keV (10%) and 1690 keV (10%) and these 
contribute a significant background to the annihilation 
photon signal via accidentals. The two main positron 
decays lead to the emission of positrons of mean energy 
690 keV and 980 keV, respectively. Whilst the high 
single/annihilation photon emission is detrimental to the 
statistical quality of the images obtained, the tracer has 
been successfully used clinically. 

Carrier-free "I was produced (by the Cyclotron Unit 
at the King Faisal Hospital and Research Centre in 
Saudi Arabia) using the ""Te(d,2n)"^I reaction. The 
activity was received as a solution of Nal in aqueous 
NaOH. Radionuclide purity was > 99.5% at 48 h after 
irradiation (Lambrecht et al, 1988). 


Preparation of "*I-mlIBG 

"[-mIBG was labelled using the solid-phase 
exchange reaction initially described by Mangner et al 
(1982). Cold mIBG and.ammonium sulphate were 
obtained in kit form (CIS, IK 4), Prior to the addition of 
the radioiodine solution to the mIBG reaction mixture, 
the sodium content was reduced by passing the solution 
through a cation exchange resin membrane 
(AGSOW-X8, Bio-Rad). This resin had previously been 
converted to the H* form using 50 ml of sterile, pyro- 
gen-free 0.1 N HCI and rinsed of residual acid with 
50 ml of sterile water for injection. The resulting 
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radioiodine solution was rendered slightly acidic (pH 
~ 5). This solution was added to a sterile teflon-capped 
vial containing 0.3 ml of mIBG solution (3 mg/ml) and 
0.3 ml of a 1 M ammonium sulphate solution. The vial 
was vented to a 60 ml evacuated syringe and heated to 
dryness in a hot block at 130°C for 1 h. 

The reaction product was dissolved in 5 ml of 0.5 M 
acetate buffer (pH 5). Unreacted radioiodide was 
removed by passing the solution through a sterile anion 
exchange membrane (AGI-X8, Bio-Rad) carbonate 
form. The final product was sterilized by passage 
through a sterile, pyrogen-free 0.22 um Millex-GS filter 
(Millipore). The radiochemical purity of the resulting 
product was > 95% and the specific activity was 
> 37 MBq/umol. 


PET imaging 

The two patients (P.W. and R.G.) were injected with 
22 MBq and 40 MBq of ""L-mIBG, respectively, and 
scanned at 24h and 48h post-injection using the 
MUP-PET positron camera (Cherry et al, 1989). PET 
scans were taken of the liver and abdominal tumour for 
patient P.W. and of tumour in the lungs and liver for 
patient R.G. Imaging times for each study varied from 
18 min to 24 min. In order to obtain an absolute 
measurement of the radioactivity levels in tissue, an 
image was acquired of a 25 cm diameter phantom filled 
with '"I at a concentration of 9 kBq/ml. A further 
accidentals image of the phantom was obtained to allow 
for a randoms correction in the calibration. 


Basic radiation dosimetry 

The formula used to calculate the radiation doses that 
would be achieved using "'I-mIBG is that described in 
Loevinger et al (1989). The absorbed dose (D) in Gy in 
any tissue Is given by: 


D=144xQOxTxAxd/M (1) 


where Q is the maximum activity in the tissue (MBq); T 
is the effective half-life of the activity in the tissue (h); A 
is the equilibrium dose constant of "Tin kg Gy/MBq h; 
$ 1s the fraction of radiation absorbed in the tissue; and 
M is the mass of the tissue (kg). 

We assume for the sake of simplicity that the radia- 
tion dose to the tissue of interest comes only from 
radioactivity within that tissue and that the photon 
component of the absorbed dose can be ignored in 
comparison to the beta dose. Hence we assume that the 
value of $ is H. 

In this study the effective half-life for therapy is 
obtained using the '"I-mIBG PET image count density 
information in the tissues at 24 and 48 h assuming a 
mono-exponential relationship to obtain the biological 
half-hfe of the agent. Any short half-life component 
associated with rapid renal excretion of the agent is not 
included. The impracticability of making measurements 
at longer times post-injection also lead us to ignore any 
long half-life component in the tissue, Values of Q/M 
were obtained from the voxel count density levels in the 
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Table I. ROI analysis results for patient P.W. (22 MBq injected 

activity) 

—M M M —— —— M —MMÓMÓ € a nrc 
Time post-injection (h) 


24 48 
Abdominal uptake (MBq) 5.7 3.7 
Normal liver uptake 0.93 0.55 
(kBq/g) 
Abdominal uptake 1.23 0.68 
(kBq/g) 
Whole Normal Abdominal 
abdomen liver tumour 
Biological half-life (h) 65 53 59 
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Table II. ROI analysis results for patient R.G. (40 MBq 

injected activity) 

——— ———————————m————!————— — "O9 P — 
Time post-injection (h) 


24 48 
Abdominal uptake (MBq) 6.2 3.0 
Thorax uptake (MBq) 6.9 a 
Liver tumour uptake (kBq/g) — 1.8 0.9 
L. lung tumour uptake (kBq/g) 1.5 0.6 
R. lung tumour uptake (kBq/g) 1.4 0.7 
Liver L.lung  R. lung 


tumour tumour tumour 


Wan SE EIE Nae d D nra e WII arte na taste eqs a na S AMA TRI RYAN En On Sram Y MAS ESI VERAM ota 


Biological half-life (h) 28 24.5 34.5 
A 


patient images calibrated with those in the phantom 
images. 


Results 

All images were reconstructed using the 3D back- 
projection and deconvolution method described in 
Clack et al (1984) and corrected for attenuation, 
detector dead-time and accidentals. 

Analysis of the cylindrical phantom data gave a 
calibration factor of 4370 acquired counts per minute 
per MBq in the camera field-of-view. The random signal 
from '?] at these activity levels is ~ 25%. This calibra- 
tion factor was used to determine the total activity in the 
field-of-view of the camera for each patient scan. 

The PET images of the patients at 24 and 48h 
showed uptake in tumours and normal tissue of both 
patients. Low count rates were indicative of the limited 
uptake in both tumour and normal tissue. For patient 
P.W. it is estimated that the total activity remaining in 
the camera field of view was 5.7 MBq and 3.7 MBq at 
24 and 48 h, respectively, leading to an abdominal bio- 
logical half-life of 65 h. For patient R.G. the equivalent 
numbers were 6.2 MBq and 3.0 MBq in the thorax and 
6.9 MBq and 3.3 MBq in the abdomen leading to bio- 
logical half-lives of 30 h in both cases. 

A region of interest analysis using ANALYSE (Robb, 
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Table HI. Predicted radiation doses for 11 GBq "'--mIBG 
—— ÉÉMÁÉEBENEEEERNE 
Organ/tissue Radiation dose (Gy) 


Patient P.W. 


Whole body 0.65 
Normal liver 4.7 
Abdominal tumour 7.4 
Patient. RG. 
Whole bodv 0.38 
Liver tumour 3.6 
L. lung tumour Ja 
R. lung tumour 3.1 
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1990) was carried out to determine the count density 
and hence uptake in the normal liver and abdominal 
tumour of patient P.W. and in tumour in left and right 
lungs and liver of patient R.G. The results of this 
analysis (Tables I, H) are presented as the maximum 
values of activity per unit tissue mass (density assumed 
to be | g cm~’) obtained within each region of interest. 
These values cover the range 0.55-1.23 kBq/ml for 
patient P.W. and 0.6-1.8 kBq/ml patient R.G. The bio- 
logical half-lives determined were 53 h (liver) and 59 h 
(tumour) for patient P.W. and 24.5 h (left lung tumour), 
34.5 h (right lung tumour) and 28 h (liver tumour) for 
patient R.G. 

From these data it was possible to calculate the 
maximum absorbed dose (Table III) that would be 
achieved using "'I-mIBG for therapy. The values range 
from 3.1 to 7.4 Gy for an administered activity of 
11 GBq. Whole-body absorbed doses were calculated 
assuming 50% of the activity was removed with an 
initial 8h effective. half-life (Lashford et al, 1988; 
Fielding et al, 1991) and the rest with the longer 
abdominal or thoracic half-lives determined above. The 
values of predicted whole-body dose obtained for an 
11 GBq administration were 0.65 Gy (patient P.W.) and 
0.38 Gy (patient R.G.). 


Discussion 

The major advantages of using PET to provide dosi- 
metry data for this study are the increased sensitivity 
and spatial resolution of the camera and the intrinsic 
quantitative nature of the data. The alternative, using 
SPECT with single photon tracers, gives greatly reduced 
image quality especially in the abdomen and the quanti- 
tative accuracy is correspondingly poorer. The concept 
of relating the tissue radioactivity concentrations 
directly to radiation dose is limited by partial volume 
effects of the method but are again significantly less of a 
problem using PET. The method obviates the need to 
measure accurately the functioning tissue volume and 
allows some estimate of the range of dose achieved if the 
agent uptake is heterogeneous. 

As indicated above, the overall uptake of "*I-mIBG 
in tumour and normal tissue was not large in these 
patients, leading to very modest total count levels in the 
PET images. However, the 3D reconstruction of intrin- 
sically quantitative data allowed us to make estimates of 


789 


radiopharmaceutical uptake in tissue. Using conven- 
tional assumptions about the relationship between 


possible to determine the likely macroscopic radiation 
dose to tumour and normal tissue from therapy levels of 
"ULmlBG. The impracticability of imaging patients at 
longer times has forced us to assume that the activity 
concentration measurements made at 24 and 48 h are 
sufficient to describe the major excretion phase of the 
agent. 

in a 70 kg man, a uniform distribution of the agent, 
assuming no decay or excretion, would lead to an 
average tissue concentration of 0.0014% dose/g. This 
number is to be compared with 0.007% dose/g in 
normal liver and a maximum of 0.01% dose/g in 
tumour (patient P.W.). These levels are at the lower end 
of the range of those measured in neuroblastoma tissue 
samples and indicate a limited specific localization in 
these particular tissues. 

Additionally, the biological half-life of the agent in all 
tissues was never greater than 65 h over the period of 
measurement. We have assumed that there is a rapid 
excretion phase which, in neuroblastoma, removes at 
least 50% of injected activity in the first 8 h (Lashford et 
al, 1988). This phase will, however, change the localized 
tissue dosimetry very little as the majority of activity so 
excreted is likely to remain firmly in the blood pool. 

The main source of error in these measurements is 
associated with the reconstructed count levels in the 
images. We estimate that uncertainties from this source 
may lead to an overestimate of the absorbed dose by 


by the underestimate caused by ignoring any long half- 
hfe component. 

The combination of relatively low uptake and modest 
biological half-life leads to estimated absorbed doses to 
tumour well below those required for effective therapy. 
The cause of the low uptake may be a combination of 
high tumour mass, limited vascular access and the vari- 
able capacity of phaeochromocytoma and adult neuro- 
blastoma to accumulate mIBG compared with 
childhood neuroblastoma. It may also be possible that 
the uptake and half-hfe of mIBG given at therapy levels 
(5-11 GBq) may be different, although the values of 
half-life presented here are totally consistent with those 
measured for "'LmIBG therapy of neuroblastoma 
(Fielding et al, 1991). 

The level of radioactivity that can be given to a 
patient is determined either by the patient tolerance or 
the safety of the staff handling the activity and nursing 
the patient. The 11 GBq proposed here as an upper limit 
is based on the second of these criteria. With this level of 
activity the whole-body doses to these patients would be 
well tolerated. It was not possible here to assess bone 
marrow toxicity, which is likely to be the limiting factor. 
Hence it may be possible to increase the activity given in 
some cases. It seems unlikely in the case of these two 
patents that a significant therapeutic effect could be 
achieved by increasing the activity given. 

in patients where a higher uptake is achieved, 
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especially those with bone marrow involvement, it might 
be necessary to reduce the activity given to below 
11 GBq because of haematological toxicity and here 
levels of blood activity will be important. 

Subsequent to these studies patient P.W. became very 
unwell and was given 11 GBq of "'I-mIBG as there was 
no previous clinical experience of response to mIBG 
with this patient at our centre. However, this patient's 
condition deteriorated too rapidly to assess whether 
there was any response. For patient R.G. the ineffective- 
ness of the initial therapy and the low predicted dose 
combined with the relatively mild clinical symptoms 
lead to a decision not to treat further with mIBG. 


Conclusions 

The first results of attempts to predict the absorbed 
dose to whole body, normal liver and several tumour 
sites in two patients with neural crest tumours desig- 
nated to receive ']-mIBG therapy are presented. It was 
concluded that the level of radiation dose achievable 
with a maximum activity of 11 GBq of this agent would 
be subtherapeutic for these two patients. 
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Abstract, 24 patients with muscle invasive carcinoma of the bladder were treated in a pilot study of twice daily fractionation at 
radiation doses of 1.8-2.0 Gy per fraction to total doses of 54-64 Gy to the bladder and 39.6-44 Gy to the whole pelvis. The 
treatment aim was to give 32 fractions in 22 days. The interfraction interval was a minimum of 6 h. The principle objective was to 
record acute and late tolerance, but local control and survival data is also presented. Acute radiation morbidity was scored 
according to the RTOG system. Grade 2 large bowel effects were seen in 52% of patients, Grade 3 effects in 26% and there was 
one Grade 4 and one Grade 5 effect. The mean duration of effect was 4.5 weeks although the more severe reactions were also more 
protracted. Grade 2 urinary effects occurred in 30% and Grade 3 in 17% of patients. The mean duration of effect was 7.2 weeks. 
There were no Grade 4 or 5 acute urinary effects. Late radiation morbidity was scored according to the EORTC/RTOG system 
and was assessable in 16 cases who survived more than 6 months. There were two cases (12%) of Grade 1 bowel toxicity, two cases 
of Grade 1 and three of Grade 2 urinary toxicity. There were no cases of late skin effects. Actuarial analysis at 2 years shows a 


local control probability of 56% and survival probability of 35%. 


The 5-year survival of patients with muscle invasive 
transitional cell carcinoma of the bladder treated by 
radical radiotherapy or combined pre-operative radio- 
therapy and elective radical cystectomy is 40% for T2 
tumours (Duncan & Quilty, 1986) and 29-3894 for T3 
tumours (Bloom et al, 1982). Following radical radio- 
therapy, complete response in the bladder occurs in up 
to 56%, but one third of these responders subsequently 
fail locally (Shearer et al, 1988). Survival in patients 
treated by irradiation has not been improved by adju- 
vant methotrexate (Shearer et al, 1988) or cisplatin 
(Wallace et al, 1991) chemotherapy. 

The short latency times to local recurrence after 
radiotherapy in invasive transitional cell carcinoma of 
the bladder indicate that the disease is biologically 
aggressive (Duncan & Quilty, 1986). Moderate or poor 
histological differentiation is reported in 66% of T2 and 
8975 of T3 tumours (Duncan & Quilty, 1986), Cell 
kinetic studies demonstrate rapid proliferation of 
tumour clonogens with a potential doubling time of 3 
days (Trott & Kummermeht, 1985; Sheehan & 
Newman, 1991). It has been demonstrated that acutely 
responding normal tissue undergoes accelerated 
clonogen repopulation starting at between 14 and 28 
days following the start of a conventionally fractionated 
course of irradiation (Morris & Hopewell, 1986). It has 
also been suggested that rapidly proliferating tumours 
undergo considerable clonogen repopulation during a 
lengthy course of irradiation (Trott & Kummermehr, 
1985) and that this phenomenon is an important cause 


792 


of local failure in treatments involving conventional 
fractionation schedules (Fowler, 1986). 

A reduction in the overall treatment time for radio- 
therapy may reduce the capacity for tumour clonogens 
to repopulate and thereby improve local control in 
invasive bladder cancer. However, this cannot be 
achieved by an increase in the dose per fraction if late 
responding tissues are to be spared injury (Quilty et al, 
1985) and therefore multiple fractions per day are neces- 
sary if the required dose is to be delivered in a shorter 
time. The fractions of radiation must be given at least 
6 h apart to allow for the repair of sublethal damage. 
However, even with this interfraction interval, repair 
may not be complete (Hopewell and van den Aardweg, 
1988, 1989; Turesson and Thames, 1989) and a small 
decrease in dose per fraction may be required to 
compensate for this. 

This paper presents the results of a pilot study of 
accelerated fractionation in invasive bladder cancer 
which was carried out to investigate the potential toxi- 
city of such a schedule. All patients have had a 
minimum of 12 months follow-up. 


Materials and methods 

Patients with invasive carcinoma of the bladder with 
no evidence of nodal or distant metastasis who were 
suitable for radical irradiation with curative intent were 
selected for this study. Eastern Co-operative Group 
(ECOG) performance status 0-2 and normal (or only 
slightly elevated) serum creatinine were required for 
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entry, but patients over the age of 75 years were 
generally excluded. Later in the study, those with a 
history of inflammatory bowel disease, previous lower 
abdominal or pelvic surgery were excluded. 

Patients underwent cystoscopy, biopsy and usually 
endoscopic resection of tumour. and bimanual examina- 
tion of the pelvis under anaesthetic. Haemoglobin, 
serum creatinine and liver function tests were measured. 
Computed tomography of the abdomen and pelvis was 
performed to exclude nodal and metastatic disease. 

24 patients were entered into this pilot study. There 
were 18 males and six females. The mean (+SD) age at 
entry was 66.4-- 6.3 years. There were 21 cases of transi- 
tional cell carcinoma (TCC), two cases of squamous 
carcinoma (SCC) and in one case the histological type 
was not stated. There were six T2, 14 T3 and four T4 
cases. In 19 cases the grade was reported, three were 
Grade 2 (moderately differentiated) and 16 were Grade 
3 (poorly differentiated). 

Radiotherapy was planned using computed tomo- 
graphy localization and treatment was given on linear 
accelerator machines of energy 6-8 MV. The whole 
pelvis was treated during the first week of treatment (10 
fractions), the bladder alone was treated during the 
second week (10 fractions) and treatment to the whole 
pelvis was completed during the third or early fourth 
week in 10-12 fractions. The pelvic volumes were 
treated with three or four field techniques in all but 
three cases in which an anterior and posterior pair of 
fields were used. The bladder volumes were all treated 
with three or four field plans. Two treatments were 
given each day, 5 days per week and these treatments 
were given not less than 6 h apart. The intention was to 
deliver a radical dose of radiation in 30—32 fractions in 
15-16 treatment days (treating 5 days per week) with an 
overall time of 19—22 days. Three centres contributed 
patients to the study and differences in local practice 
accounted for the slight differences in dose prescription. 


Of the 24 patients entered into the study, the first 13 
were treated at 2.0 Gy per fraction and the remaining 11 
received 1.8 Gy per fraction. The dose per fraction (and 
consequently the total dose) was reduced because of 
concern regarding acute toxicity. The mean (+SD) dose 
delivered was 58.85-- 2.2 Gy with a range of 54-64 Gy. 
The mean number of fractions was 30.8-- 1.1 (range 
29-32). The mean overall time was 22.74 5.3 days 
(range 19-44). A protracted skin reaction led to an 
overall treatment time of 44 days in one patient. 
Otherwise the maximum treatment time was 29 days. 
The mean target volume for the whole pelvis was 
3030 +961 cm? (range 1755-5486) and for the bladder 
925 +313 cm! (range 427-1595). 

Response was scored at follow-up cystoscopy which 
was performed at 6-monthly intervals after radio- 
therapy. Patients with local failure were considered for 
salvage cystectomy. Normal tissue toxicity was recorded 
using the RTOG criteria for early effects and 
RTOG/EORTC criteria for late effects (see Tables I(a) 
and (b)). Early effects were scored weekly during treat- 
ment and then at 4, 6 and 12 weeks after starting 
treatment. Late effects were scored at 6 months and then 
annually. 


Results 
Acute toxicity 

Acute large bowel toxicity was assessable in 23 
patients and is shown in a histogram in Fig. 1. It can be 
seen that the majority of patients (78%) encountered 
Grade 2 toxicity (diarrhoea requiring medication) or 
Grade 3 toxicity (requiring hospital admission or intra- 
venous fluids). The mean duration (in weeks) of toxicity 
for each grade is stated on the histogram. 

There was one case of Grade 4 large bowel toxicity. 
This patient completed irradiation to a dose of 57.6 Gy 
in 32 fractions in 24 days without problems and then 
| week later developed severe diarrhoea, anorexia, 


Table L (a) Radiaton Therapy and Oncology Group (RTOG) acute radiation morbidity scoring criteria 


Tissue Grade 0 Grade | 

Skin No change Erythema, dry 
desquamation 

Small bowel No change Nausea 

Large bowel No change Loose stool 

Genitourinary No change Frequency x2 


baseline 


Grade 2 Grade 3 Grade 4 
Painful erythema, Confluent moist Ulceration, 
patchy moist desquamation haemorrhage 


and necrosis 
Requiring surgery 


desquamation 


Nausea/vomiting Requiring i.v. 


requiring anti- fluids 
emetics 
Diarrhoea Requiring i.v. Obstruction 
requiring fluids fistula, 
medication perforation 
requiring 
surgery 
Frequency > Frequency « Haematuria 
hourly, dysuria hourly, dysuria requiring 
requiring opiate transfusion, 
ulceration, 
necrosis 
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LV. = intravenous. 
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Figure I. Histogram showing the distribution of acute large 
bowel toxicity following accelerated fractionation. The number 
above the columns indicate the mean time to resolution of 
svmptoms after completion of therapy. 


vomiting and weight loss. She was admitted to hospital 
with intestinal obstruction and at laparotomy found to 
have an ieus. A defunctioning colostomy was per- 
formed and she made a slow but complete recovery over 
& weeks, 18 months later she developed abdominal 
carcinomatosis and underwent another laparotomy at 
which time no sequelae attributable to the radiation 
were found. This patient had a history of appendectomy 
followed by ureteric surgery for reflux uropathy about 
30 years previously. 

There was one case of Grade 5 large bowel toxicity. In 
this case there was an ileo-vesical fistula, probably due 
to malignancy prior to the start of radiation. Treatment 
was completed to 60 Gy in 30 fractions in 27 days and 2 
weeks later total colectomy was performed for perfor- 
ated diverticulitis and peritonitis from which the patient 
succumbed within a month. 

The acute urinary toxicity is shown in Fig. 2. It is 
notable that Grade 3 toxicity (frequency and nocturia 
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Percentage of group 





RTOG grade acute urinary toxicity 


Figure 2. Histogram showing the distribution of acute urinary 
toxicity following accelerated fractionation. The numbers 
above the columns indicate the mean time to resolution of 
symptoms after completion of radiotherapy. 


« hourly and/or pain requiring strong analgesics) was 
unusual (17% of cases), but that it was relatively 
prolonged with a mean duration of 15 weeks. In one of 
these cases, severe dysuria and frequency persisted for 9 
months but was eventually relieved with an antispas- 
modic agent. 

The mean duration of acute urinary effects was 5.4 
weeks compared to 3.4 weeks for acute large bowel 
effects and this difference was significant (p = 0.045, 
t-test). 

There was one case of Grade 3 skin reaction 
(confluent moist desquamation). An interruption in 
treatment was required and the final dose was 58 Gy in 
29 fractions in 44 davs. Otherwise there were three cases 
of Grade 2 toxicity and seven cases of Grade 1 toxicity. 
In all cases the acute skin reaction had healed 3 weeks 
after the completion of treatment. The remaining 12 
cases showed no toxicity. 


Table I. (b) RTOG/European Organisation for Research into the Treatment of Cancer (EORTC) late radiation morbidity scoring 





scheme 

Tissue Grade 0 Grade | 

Skin None Mild atrophy, 
mild alopecia, 
+ pigmentation 

Bowel None Mild diarrhoea. 
Slight rectal 
bleeding 

CGenitourinary None Microscopic 
haematuria 


Grade 2 Grade 3 Grade 4 

Moderate Gross atrophy Ulceration 
tg ectasis*, and tg'ectasis* 
complete 
alopecia 

Diarrhoea > Obstruction or Necrosis, 
S/day, requiring bleeding fistula perforation 
surgery 

Frequency, Severe frequency, Necrosis, 
intermittent frequent Contracted 
macroscopic haematuria. bladder ( « 
haematuria Contracted 100 ml). Severe 

bladder haemorrhage 





*telangiectasis 
Any fetal toxicity is Grade 5. 
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Figure 3. Histogram showing the distribution of late bowel 
toxicity following accelerated fractionation. 


There was only one case of Grade 4 small bowel 
toxicity. This was the case described above who also had 
Grade 4 large bowel toxicity. Otherwise, there were 
three cases of Grade 2 toxicity, 10 Grade 1 and nine 
Grade 0. 

The influence of age, dose, dose per fraction, overall 
treatment time, pelvis target volume and bladder target 
volume on severity and duration of acute bowel and 
urinary toxicity was examined using the Mann-Whitney 
test for ordinal data, and y^ for comparing the two 
groups treated with 1.8 Gy and 2.0 Gy per fraction. No 
significant associations were found. 


Late toxicity 

Late effects were assessable in 16 patients. The distri- 
bution of late bowel effects is shown in Fig. 3. Clinical 
symptoms were recorded in two patients (12% of the 
group) and in both these cases they were Grade l. 
Figure 4 shows the distribution of late urinary effects. 
Grade 2 effects occurred in 13% and Grade | effects in 
20% of patients. No late skin effects were seen. There 
was one patient who developed a non-invasive recur- 
rence which was cysto-diathermied and he proceeded to 
cystectomy because of suspicion of local relapse with 
muscle invasive disease. The procedure was complicated 
by severe fibrosis around the bladder, but the patho- 
logical specimen showed no evidence of invasive 
tumour. This patient subsequently developed lower 
pelvic sepsis due to a chronic discharging perineal sinus 
and has undergone three surgical procedures in an 
attempt to control the problem. This late effect has been 
categorized as Grade 4 although clearly the morbidity 
arose from a combination of radiotherapy and surgery. 
Despite these problems the patient has maintained an 
ECOG performance status of 1. 


Outcome 


Local control was evaluable at 6 months or later after 
the start of treatment in 16 patients. Eight patients were 
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Figure 4. Histogram showing the distribution of late urinary 
toxicity following accelerated fractionation. 


not evaluable for local control: three died within 6 
months from metastatic disease, one died shortly after 
treatment following colectomy for perforated divericuli- 
us and follow-up information is insufficient in another 
four. Seven patients had persistent or recurrent disease 
in the bladder and this was manifest in all cases within 
12 months from the start of treatment. Nine patients 
had durable local control after 12-51 months from 
treatment. The actuarial local control at 24 months was 
56%. 

Distant control was assessable in 21 patients. 
Insufficient follow-up information was available in the 
other three. There were eight distant failures and six of 
these died within a year. 

Actuarial survival in all 24 patients at 24 months was 
35%. There were 14 deaths, eight from metastatic 
disease, four from local failure (two of whom also had 
metastatic disease), there was one toxic death, one death 
from other causes and in two cases the cause of death 
was unknown. The probabilities associated with local 
control and survival are illustrated graphically in Fig. 5. 


Discussion 

The feasibility of reducing the overall time in radical 
radiotherapy by multiple daily treatments critically 
depends on the tolerance of the associated acutely 
responding normal tissues. This "tolerance" is not easily 
defined and there is considerable variation. among 
patients and radiotherapists as to what degree of toxi- 
city 1s acceptable. 

In this small pilot series the incidence of Grade 3 or 
greater acute bowel effects was 35%. One patient 
developed intestinal obstruction secondary to an ileus 
requiring laparotomy and defunctioning colostomy 
(Grade 4) and another died after colectomy for perfor- 
ated diverticulitis (Grade 5). These two patients had 
prior abdominal surgery and inflammatory bowel 
disease, respectively and such patients were subse- 
quently excluded from entry to our study. Nevertheless 
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Figure 5. Graph of actuarial local control and survival at 24 
months in 24 patients with muscle invasive carcinoma of the 
bladder treated with twice daily irradiation. 


acute radiation reactions requiring operative interven- 
tion or those proving fatal are not acceptable unless 
they are very rare events. A substantial incidence of 
Grade 3 reactions are acceptable to some patients and 
radiotherapists provided there is evidence for improved 
local control and preferably survival. 

Grade 3 acute urinary effects occurred in 17% of our 
patients and in these cases this persisted for a mean of 
15 weeks. It is often difficult to separate the symptoms 
attributable to persistent tumour from those due to 
radiation effect, but nevertheless it 15 likely that a signifi- 
cant proportion of this morbidity was radiation related. 

There have been other reports of serious reactions to 
accelerated radiotherapy in bladder cancer. In one case 
a female aged 77 years received 60 Gy in 30 fractions in 
19 days and suffered a perforated sigmoid colon 2 
months after the completion of treatment from which 
she died. Post-mortem confirmed that she had suffered a 
treatment related death. In another case, a patient 
developed life-threatening intestinal obstruction after 
receiving 44 Gy (24 Gy to the whole pelvis) in 22 frac- 
tions in 3 weeks. Spontaneous recovery occurred with 
conservative management. Review of the computed 
tomography scans showed adhesions of small bowel to 
the bladder (Horwich, 1991). 

The acute toxicity initially seen in the present study 
and that encountered by others led to a reduction in 
dose per fraction from 2.0 Gy to 1.8 Gy, although the 
case of Grade 4 acute bowel toxicity was treated at 
1.8 Gy per fraction. This reduction in dose per fraction 
is supported by the results of recent animal studies 
which have suggested that sublethal damage is not 
completely repaired in acutely responding normal tissue 
even with a 6 hour interfraction interval (van den 
Aardweg & Hopewell, 1992). It has not been possible to 
demonstrate a reduction in acute radiation morbidity 
following this reduction in dose per fraction, although 
this may be due to the small number of patients in each 
treatment group. 
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It is likely that the acute bowel toxicity observed 1s 
largely explained by the inclusion of most of the true 
pelvis in the target volume up to 39.6-44,0 Gy in order 
prophylactically to treat the regional lymph nodes, 
although treatment to the larger volume was interrupted 
for 1 week whilst the bladder boost was delivered. The 
argument for treating the lymph nodes was based on a 
series of cases who received pre-operative radiation and 
cystectomy (Wallace and Bloom, 1976). The incidence 
of pathologically positive lymph nodes was lower than 
in a matched group of historical controls treated by 
surgery alone. However, no survival benefit attributable 
to nodal downstaging was identified. More recently, a 
retrospective analysis of 731 patients (Symonds et al, 
1990), of whom 395 underwent irradiation to. the 
primary and regional lymph nodes, and 336 historical 
controls matched for stage and total dose were treated 
to the bladder only, showed no survival difference. 
Moreover serious complications occurred in 9.6% of the 
group receiving nodal irradiation versus 4.3% in the 
group treated to the bladder only. 

A Phase I study of acute toxicity following a similar 
accelerated fractionation regimen in invasive bladder 
cancer found a lower incidence of acute bowel toxicity 
(Horwich, 1991). Maximum acute bowel toxicity was 
noted at the completion of treatment, at which time 
30% of the group had Grade 2 effects and there were no 
Grade 3 effects, although one patient had had a Grade 3 
effect requiring a rest from treatment for | week after an 
accumulated dose of 40 Gy. In this study the maximum 
bladder toxicity was also seen at the end of treatment, 
with 10% Grade 2 effects and 20% Grade 3 effects. The 
Grade 3 bladder toxicity had improved after 4, 3, 5 and 
4 weeks, respectively, after onset. Most of the patients in 
this study were treated to a small volume encompassing 
the bladder only, thereby excluding a significant volume 
of small and large bowel. 

The importance of clonogen repopulation as a cause 
of therapeutic failure in clinical radiotherapy has still to 
be demonstrated in randomized controlled trial. The 
possible benefits of shortening the overall treatment 
time could be counterbalanced by recent evidence 
suggesting that longer overall treatment times may lead 
to greater cell cycle synchrony and therefore increased 
radiosensitivity (Hopewell & van den Aardweg, 1991). 
This work indicates that longer treatment times (i.e. 5-6 
weeks) may be associated with more severe acute 
responses for skin than short courses (i.e. 2-4 weeks). 

The rate of clonogen doubling is in the region of 3-6 
days for most invasive transitional cell tumours of the 
bladder (Trott & Kummermehr, 1985; Sheehan & 
Newman, 1991). There is evidence in normal tissues that 
fractionated radiation stimulates an increased rate of 
clonogen proliferation among surviving cells and that in 
pig skin this effect occurs at between 14 and 28 days 
after the start of radiation (Morris & Hopewell, 1986). 
It is not known whether a similar pattern for the kinetics 
of repopulation holds for tumours. 

A method of comparing the radiobiological effect of 
different fractionation regimens has been proposed 
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Table II. Extrapolated response doses for a variety of treatment 
schedules 
GMMIHIHIHITITIRIINUALUNMUAUANREARAAPEPIFILAUMBMAMPHNPUPHPIPIPIPULLANDAAN A VAREARPEARUA ATAA AAi 


Regimen Extrapolated response doses (Gy) 
Dose Fractions Days Tumours Late responding 
(Gy) tissue 

"Oxford regimens" 

60 30 40 23.3 99.6 

64 32 44 56.5 106.2 

54 18 44 51.7 108 
"Manchester regimens" 

50 20 26 50,5 91.6 

55 22 30 54.9 100.8 
"Accelerated regimens" 

57.6 32 24 56.9 92.2 

61.2 34 25 60.7 97.9 

64.8 36 26 64.5 103.7 


HMTHTARIAPIELIABLAALUDUMPHIHTHPITEIIPEERALALULLABUAMAEIRIPATEPPEUTIRIAAARALAAPBUPRIPPIPIALAOOA URN dH Acti EFF ii PPPS 


(Fowler, 1990). This method uses the linear quadratic 
formula to obtain an extrapolated response dose (ERD) 
for a given alpha/beta ratio. It incorporates a time 
factor which may be used for tumours but omitted for 
late responding tissues, and uses the potential doubling 
time as a measure of proliferative capacity in the 
tumour and is expressed as follows: 


ERD = Total dose (1 + d/[x/f]-0.693/a(T/T,,) (1) 


The following assumptions are made: a = 0.3 (i.e. 49% 
survival at 2 Gy); potential doubling time ( Too 5 
days); constant proliferation throughout 39 days; d — 
dose per fraction; 2/8 = alpha/beta ratio for the tissue 
in question; T = overall time. 

Using this method, different fractionation regimens 
may be compared. The extrapolated response dose is 
expressed in grays for a given alpha/beta ratio (e.g. 
10 Gy for tumours and 3 Gy for late responding tissue). 
The extrapolated response doses for a variety of treat- 
ment schedules are shown in Table H. This model 
predicts that the regimen previously used in Oxford 
(54 Gy in 18 fractions in 44 days) is associated with the 
greatest chance of late toxicity, closely followed by the 
conventional daily regimen of 64 Gy in 32 fractions in 
44 days. The accelerated regimens are predicted to have 
lower late toxicity. The extrapolated dose-response 
values for tumours are substantially higher for the acce- 
lerated regimens than the conventional "Oxford" regi- 
mens for a given extrapolated dose-response value for 
late responding tissue, thus predicting a higher tumour 
control probability for acceleration. It is also notable 
that the schedule used in the second half of our study 
(57.6 Gy in 32 fractions in 24 days) has an extrapolated 
response dose for tumours that is almost indentical to 
the conventional daily regimen of 64 Gy in 32 fractions 
in 44 days. According to this model, therefore, 57.6 Gy 
in 32 fractions in 24 days does not offer a higher 
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probability of tumour control than a daily regimen of 
64 Gy in 32 fractions. 

It should be emphasized that this model relies on 
estimates of alpha/beta ratios and potential doubling 
times for which there is little conclusive evidence at the 
present time and more data is awaited. It should be 
stressed that fractionation regimens should be 
developed in the light of previous clinical data although 
in the future it may be possible to tailor regimens to the 
kinetics of individual tumours. 

Based on our clinical experience and bearing in mind 
these theoretical considerations our next step is to inves- 
tigate a twice daily regimen over 25-26 days at 1.8 Gy 
per fraction to a total dose of 61.2-64.8 Gy. The 
patients will not be treated over the weekend. We will 
treat the bladder only and there will be 6 h between the 
twice daily fractions. If this regimen proves to be 
adequately tolerated, then it is hoped to test its efficacy 
compared to conventional radiation schedules in a 
randomized trial. 

In summary, the local control and survival in this 
small pilot series are at least comparable to other 
published series and this provides a strong stimulus to 
continuing the investigation of twice daily fractionation 
schedules in bladder cancer. 
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Abstract. A series of experiments were performed to determine the dose reduction afforded to radiosensitive organs in the head 
and neck by various protective devices. These included spectacles with plastic, standard glass, photochromic and lead-glass lenses, 
a thyroid collar and a lead-acrylic face mask, The measurements were performed using an anthropomorphic phantom loaded with 
lithium fluoride thermoluminescent dosemeters, in conditions realistic of clinical practice. Irradiations were performed using 
scattered radiation produced by a pelvic phantom, for X-ray beams generated at 80 kVp and 110 KVp. It was found that the 
reduction in dose to the lens of the eye ranged between 0% and 97%, whilst the dose to the thyroid and oesophagus was reduced 
by between 76% and 97%, and was dependent on the protective device and tube potential employed. A reduction in brain dose of 
up to 81% was also measured, for the lead-acrylic face mask. Also presented is the ratio of organ dose to dose to the bridge of the 


nose for thyroid, oesophagus, brain and sinuses, as measured for the case of no head or neck protection. 


Introduction 

A number of workers have studied the radiation dose 
received by personnel operating fluoroscopy units 
(Faulkner and Moores, 1982; Jeans et al, 1985; Law, 
1985; Palmer and Wright, 1985). These studies have 
found that the dose to the lens of the eye is particularly 
important, as in some circumstances (e.g. for high work- 
loads or specific interventional procedures) the eye lens 
dose may be a critical factor in the determination of 
whether the person becomes a classified radiation 
worker. In many situations, including those in which eye 
dose is not the critical factor, 11 may be necessary to 
consider protection for the eye. 

In the recent report by the International Commission 
for Radiological Protection (ICRP, 1991), the method 
of calculating doses to individuals has changed, effective 
dose replacing the previous quantity effective dose equi- 
valent. In particular, the radiosensitive tissues included 
in the calculation of effective dose and their weighting 
factors have been re-evaluated. With the specification of 
a separate weighting factor for the oesophagus and the 
inclusion of the brain in the remainder organs, as well as 
the increase in the weighting factor for the thyroid, the 
dose to these organs in the head and neck will make an 
important contribution to the effective dose to workers 
in radiology who wear a lead apron. The use and effect 
of various devices worn to protect organs in the head 
and neck therefore need to be examined. It is important 
to quantify the dose reduction afforded in situations 
realistic of those found in radiology departments, both 
by devices specifically intended for radiation protection 
purposes and by ordinary spectacles that might be worn 
by staff. 
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The protective effects of spectacles (with lead-glass, 
plastic, glass and photochromic lenses) have been 
reported before (Richman et al, 1976; Bergstrom et al, 
1977; Ardran & Crooks, 1978; Day and Forster, 1981). 
However, with the exception of Bergstrom et al (1977), 
the previous work only details the transmission of spec- 
tacle lenses directly irradiated. The aim of the present 
work was to measure the effect of various types of 
spectacles and protective devices on the dose to the lens 
of the eye, as well as to specific organs in the head and 
neck. 


Materials and methods 

The experimental investigation was performed on two 
separate three-phase X-ray generators, a Picker Vector 
70 and a Picker Vector 100. The X-ray beam 
(22.5 cm x 22.5 cm as measured at the entrance surface) 
was centred on a realistic pelvic phantom (3M). A 
Rando phantom (Alderson Research Laboratories) 
loaded with lithium fluoride (LiF) thermoluminescent 
dosemeters (TLD) was positioned within the scattered 
radiation field thus generated (see Fig. 1). The TLD 
(packed in thin polythene sachets) were located at posi- 
tions corresponding to the brain, eyes, bridge of the 
nose, sinuses, thyroid and the upper portion of the 
oesophagus, as described in a previous paper (Faulkner 
and Harrison, 1988). 

The protective devices investigated included specta- 
cles with standard glass, plastic, photochromic and lead- 
glass (0.25 mm Pb equivalent) lenses, a lead-acrylic face 
mask with side shields (0.35 mm Pb equivalent) (Moti, 
USA) and a thyroid collar (0.35 mm Pb equivalent). The 
protective device to be evaluated was attached to the 
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Figure 1. Diagram showing set up of apparatus used to make 
the measurements 


Rando phantom and irradiated under fluoroscopic 
exposure mode. The scattered radiation distributions 
used to irradiate the Rando phantom were generated 
using primary beams of 80 kVp, 1.0 mA and 110 kVp, 
1.0 mA. So as to ensure that the lowest dose recorded by 
the TLD was appreciably above background, the 
apparatus was irradiated for an extended period. Two 
irradiations at each tube potential were also performed 
with the Rando phantom unprotected (ie. without 
glasses, etc.) thereby establishing a baseline that 
enabled the attenuation effects of the devices to be 
compared. 

The atomic numbers of the LiF TLD (effective atomic 
number of 8.1) and soft tissue (effective atomic number 
of 7.4) are close enough so that the absorbed dose 
measured with the TLD can be taken to be the body 
tissue dose without correction (Bergstrom et al, 1972). 
Calibration of the TLD was performed at the relevant 
tube potential (Le. 80 kVp and 110 kVp) against a dose- 
meter whose calibration was traceable to the national 
standard. Any dependence of measured organ dose on 
generator output fluctuations was allowed for by 
expressing the organ dose relative to the dose measured 
by a TLD placed on the bridge of the nose of the Rando 
phantom. For the case of protective shields that affected 
the dose measured on the bridge of the nose, an allow- 
ance for the transmission of the shield was made. This 
factor was experimentally determined using TLDs and 
scattered radiation and was used in the renormalization 
of the measured dose to the bridge of the nose. 


Results 


The percentage dose reduction measured for the brain 
and eye is presented in Table I and the reduction in dose 
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Table I. Percentage dose reduction for eye and brain at 80 kVp 








and 110 kVp 
Protection 80 kVp 110 kVp 
Brain Eye Brain Eye 
Photochromic 1 nsd S0 nsd 39 
Lead-glass lens nsd 86 24 87 
Photochromic 2 32 S1 19 45 
Plastic lens nsd nsd nsd nsd 
Glass lens 33 34 19 30 
Moti mask 81 97 81 96 





nsd = not statistically different. 





Table II. Percentage dose reduction for thyroid and 

oesophagus at 80 kVp and 110 kVp 

Protection 80 kVp 110 kVp 
thyroid/oesophagus — thyroid/oesophagus 

Moti mask 97 92 

Thyroid collar 84 76 





to the thyroid and upper oesophagus is shown in 
Table Il. Figure 2 is a graph of measured organ dose 
relative to the dose to the bridge of the nose, for various 
organs in the head and neck, when no protection is 
worn. 

The repeatability of the experimental technique was 
estimated by determining one standard deviation as a 
percentage of the mean of the absorbed dose (normal- 
ized to the dose to the bridge of the nose) to organs in 
the head and neck which were unaffected by the protec- 
tion used. This value, found to be 795, includes such 
uncertainties as positioning errors and TLD readout 
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Figure 2. Organ dose relative to dose to bridge of nose, 
measured at 80 kVp ((3) and 110 kVp (M). The error bars 
represent one standard deviation. 
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and calibration errors. The error on the bridge of the 
nose, eye, thyroid and upper oesophagus doses is there- 
fore approximately 7%. The uncertainty in measured 
organ dose for tissues in which the dose was close to the 
background (e.g. the brain) will be greater. The uncer- 
tainties in the measured brain dose were estimated from 
the fluctuations in background TLD rcading relative to 
brain dose and were found to be just under 20% at 
NO kVp and 13% at 110 kVp. 


Discussion 

The dose reduction effect of spectacles with various 
types of lens varies from 0% to 87%, depending on tube 
potential used and type of lens. The two pairs of specta- 
cles with photochromic lenses provide a similar degree 
of protection, ie. 50% at 80kVp and about 40% at 
110 kVp. The glass lenses produced a slightly lower dose 
reduction effect than the photochromic lenses, reducing 
the eye lens dose by 34% at 80 kVp and by 30% at 
110 kVp. The effect of the plastic lensed spectacles was 
not statistically different from the baseline measure- 
ment, being close to zero and therefore confirming the 
result found by Richman etal (1979). The spectacles 
with lead-glass lenses had a significant effect on the eye 
lens dose, reducing the absorbed dose to the eye lens by 
86% and 87% at 80 kVp and 110 kVp, respectively. 

These figures for reduction in eye lens dose are in 
good agreement with the values measured by Bergstrom 
et al (1977) using a similar experimental set up. Day and 
Forster (1981) quote a limit to dose reduction offered by 
lead-glass lenses of 89% and 87% (at 62 kVp and 102 
kVp, respectively), due to scatter around the lenses from 
surrounding tissues. The protection offered to the eye 
lens measured using a realistic phantom is therefore less 
than would be expected if estimated using the direct 
irradiation transmission data reported elsewhere 
(Ardran and Crooks, 1978). This is due, primarily, to 
the scattering of X rays by the body. 

The lead-acrylic mask produced a considerable reduc- 
tion in eye lens dose of 97% at 80kVp and 96% at 
110 kVp. Such a large reduction in dose may be 
attributable to the side shields (0.35 mm Pb equivalent) 
fitted to the face mask which greatly reduce the amount 
of radiation that is scattered into the eye lens by 
surrounding tissues. The value found here for the reduc- 
tion in eye dose is in agreement with that quoted by the 
manufacturers (Moti Enterprises), 

The respective reduction in eye lens dose for each 
device is greater at 80 kVp than at 110 kVp, consistent 
with the scattered radiation produced at 110 kVp being 
more penetrating than that produced at 80 KVp. 

Some of the protective devices evaluated here also 
appear to have had an effect on the measured brain 
dose. For some of the devices studied, the brain dose 
differed significantly from the baseline measurement, 
implying some degree of shielding for the brain. The 
values of dose reduction measured for the brain for the 
various pairs of spectacles varied from 0% to 33%, and 
appeared to be dependent on the composition, as well as 
the size and shape of the lenses. For the case of lead 
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glass lenses, a reduction in the dose to the brain of 2494 
was measured at 110 kVp (see Table I) whereas no 
significant reduction in brain dose was found at 80 kVp 
This result is consistent with the larger uncertainties 
associated with the measurement of brain dose at 
80 kVp compared to 110 kVp. The face mask had quite 
a considerable effect on the brain dose (reducing the 
dose by 81% at both 80 kVp and 110 kVp). 

The thyroid collar had a marked effect on the doses to 
the thyroid and upper oesophagus, the dose reduction to 
both these organs being 84% at^80 kVp and 76% at 
110 kVp. The lead-acrylic face mask also reduced the 
thyroid and upper oesophagus doses considerably, with 
a dose reduction of 97% at 80kVp and 92% at 
110 kVp. Again, for both the lead-acrylic mask and 
thyroid collar, the dose reduction at 80 kVp was greater 
than that at 110 kVp. 

The graph in Fig. 2 shows the measured relationship 
between organ dose and dose to the bridge of the nose, 
for the case of no head protection (and for the geometry 
shown in Fig. 1). This data may be used to estimate the 
dose to these radiosensitive organs from a dosemeter 
worn on the forehead. 


Conclusion 

The value of eye protection is widely accepted and a 
high degree of protection is afforded by lead-glass lenses 
and the face mask with a lead-acrylic window. All the 





Figure 3. Lead-acrylic face mask used in this study. 
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protective devices which had an effect on eye dose also 
provided some degree of shielding for the brain. 

The greater protective effect offered by such devices as 
the lead-acrylic face mask has to be balanced against 
any physical discomfort or impeding of ease of move- 
ment or vision that may be experienced whilst wearing 
the device. A further factor is the acceptability of such a 
device to the patient (Fig. 3). 

Lead-glass lenses are more widely available and used. 
They do, however, pose a problem for radiologists 
requiring refractive correction (perhaps the majority of 
radiologists in this area). The choice here lies between 
'clip on' non-refractive lenses and the purchase of lead- 
glass lenses ground to individual prescription. In prac- 
tice, the extra weight of the 'clip on' type lenses is 
uncomfortable after a short period of time. In addition 
(especially in à warm environment), the spectacles tend 
to slip down from the bridge of the nose, which is 
distracting and interferes with vision. This is a particular 
problem whilst performing sterile procedures. The 
second option, prescription lenses, is more acceptable 
from a user's point of view but the cost is approximately 
£250. 

There is a significant degree of lens and brain dose 
reduction afforded by the use of glass or photochromic 
lenses and this should be considered by radiologists 
when purchasing spectacles. There is, quite rightly, 
pressure from opticians to purchase plastic lenses, as 
they result in less ocular damage in the event of facial 
trauma. These, however, offer no radiation protection. 
It would not be unreasonable to purchase a spare pair 
of spectacles with photochromic lenses (typically costing 
less than £100), which could then be used whilst 
screening. 

Both the thyroid and lead-acrylic face mask have a 
pronounced effect on the dose to the upper oesophagus 
and thyroid, reducing the dose to these organs by 
between 7625 and 97%. This observation is particularly 
important now that the thyroid has an increased tissue 
weighting factor and the oesophagus has been included 
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in the list of radiosensitive organs for use in the calcula- 
tion of effective dose (ICRP, 1991). 
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Bone scintigraphy remains one of the commonest 
isotope imaging investigations employed for the detec- 
tion of occult skeletal metastases when staging a 
number of common cancers. The objectives of staging 
are firstly, to identify patients in whom the disease may 
be locally curable and secondly, to identify those who 
may have dissemination, in whom radical local treat- 
ment is inappropriate. Increasingly, formal restaging is 
also repeated at first recurrence. The information con- 
sidered necessary for clinical management is changing 
continuously, with developments both in treatment and 
imaging techniques. The costs must be balanced against 
those of inappropriate administration or withholding of 
treatment; in the case of bone scintigraphy, a relatively 
low-cost procedure, it is not difficult to identify net 
benefits which offset the costs. The objectives of the 
panel and its associated floor discussion were to review 
current practice and to determine, clarify and possibly 
extend areas in which there is agreement. 


Carcinoma of bronchus 

Cancer of the lung is the commonest single malig- 
nancy in the UK, comprising approximately 25% of all 
cancers. It is responsible for approximately 40000 
deaths per annum in the UK (Capewell et al, 1987). The 
case mortality is one of the highest of all tumours, being 
second only to carcinoma of the pancreas. Untreated, 
the mean survival from diagnosis is less than 3 months 
(Capewell et al, 1990). There is a 30% 5 year survival for 
patients with "locally curable" disease, mostly squa- 
mous carcinoma, but these patients constitute only a 
small percentage of the overall population with lung 
cancer. In all other types the prognosis is poor. The 
unfavourable outlook for patients with small cell cancer 
is reflected in part by the finding of bone marrow 
involvement, identified immuno-histochemically, but 
which cannot be identified either by bone or by marrow 
scintigraphy, in up to 80% of patients at presentation 
and virtually 100% at post-mortem (Hay et al, 1988). 

In many patients, an initial plain chest radiograph is 
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the only imaging investigation indicated. Histological 
confirmation may be obtained from sputum cytology or 
at bronchoscopy. If the possibility of resection has been 
excluded, treatment will be palliative by radiotherapy, 
chemotherapy or occasionally a combination of both. If 
more radical treatment has not been excluded, 
computed tomography is required to assess the degree 
of involvement of mediastinal and hilar lymph nodes. 

In small cell lung cancer, a measurement of clinical 
performance status and the chest X ray are sufficiently 
specific indicators of prognosis. Additional information 
obtained by liver ultrasound and bone scientigraphy 
does not improve accuracy (Allan et al, 1990). Prior to 
the advent of computed tomography, bone scintigraphy 
had some role, to exclude from surgery patients whose 
disease. appeared locally resectable, but which was 
nevertheless disseminated. With adequate CT staging of 
the mediastinum, such cases are uncommon. There is 
probably no indication for routine bone scintigraphy of 
patients with small-cell tumours if staging includes 
computed tomography. Nevertheless, if access to CT is 
restricted, and especially in patients with non-small cell 
tumours, bone scintigraphy remains a useful screening 
procedure before surgery (Merrick & Merrick, 1986; 
Tornyos et al, 1991). 

The role of bone scintigraphy in carcinoma of the 
bronchus is in most other cases limited to identifying 
whether local pain is of bony origin, with a view to 
giving palliative radiotherapy. There may however be a 
case for systematically identifying deposits, particularly 
in long bones, at a time when they are asymptomatic, 
because of the risk of subsequent pathological fracture. 
The economics of this is at present unclear, although for 
the individual patient there is a substantial benefit from 
prophylaxis as opposed to repair (Leonard, 1987). 


Carcinoma of breast 

Carcinoma of the breast is the third commonest 
malignancy in the UK with an incidence of approxi- 
mately 25 000 new cases per year, responsible for 16000 
deaths per annum. Bone scintigraphy has been proposed 
both as part of initial staging, since the early papers 
from a relatively small number of centres almost 30 
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years ago (Merrick, 1975), and as a means of defining 
the response to treatment. However, this view has never 
been universally accepted and the clinical role remains 
controversial (Gazet et al, 1985). Achievement of cure 
and control of local disease are not synonymous. When 
conducting clinical trials it 1s important that patients 
compared are as homogeneous as possible. Such 
detailed information is not always necessary for the 
routine management of patients not participating in 
trials, There is general agreement that endocrine or 
chemotherapy is appropriate for patients with a high 
risk of dissemination. The failure to demonstrate the 
existence of distant metastases is not conclusive and 
currently tumour size, oestrogen receptor status and 
above all the state of the axillary lymph nodes are the 
most important determinants of whether or not systemic 
therapy should be used. Bone scientigraphy rarely 
influences this decision. 

Many of the discrepancies noted, particularly those in 
trials assessing response (Hayward et al, 1977, Coleman 
et al, 1988a), have been due to lack of uniformity in the 
criteria used for assessing response in bone, which in 
general do not strictly comply with the UICC criteria 
(Bitran etal, 1980). Moreover despite the variable 
scintigraphic response of metastases to treatment, 
prolonged survival is possible even with disseminated 
disease, particularly in patients with "bone-only" meta- 
stases (Coombes et al, 1983). Important developments 
since the early trials include recognition of the impor- 
tance of oestrogen receptor status and other tumour 
markers in determining prognosis and response to treat- 
ment. There have been substantial changes in both the 
availability of effective drugs and the surgical approach 
to this condition, with radical operations largely aban- 
doned in favour of procedures which conserve the 
breast, combined with radiotherapy, chemotherapy or 
both (Perren 1991). Lumpectomy has proved as effective 
as mastectomy and there is clear evidence that non- 
surgical therapies have a major impact in the control of 
local disease and prolongation of survival. 

The prevalence of occult bone metastases in asympto- 
matic patients with TNM Stage TO or TI tumours is 
low, certainly less than 3% and probably about 1% 
(Kunkler et al 1985, Coleman et al 1988b). This rises to 
8-994 in T2 tumours and 25% in T4 tumours. The false- 
positive rate has been estimated at 3%. Consequently, in 
TO and TI tumours the number of false positives found 
substantially exceeds the number of true positives. There 
is thus no case for routine bone scintigraphy in patients 
with chnical TO or Tl carcinoma of the breast. 
Although the evidence is more difficult to interpret in 
the case of T2 tumours, there is no convincing evidence 
that scintigraphic findings affect management; this 
examination therefore cannot be recommended on a 
routine basis in these patients. 

in patients with T3 and T4 tumours, treatment is 
basically concerned with the control of local disease and 
many of these patients will in any case receive systemic 
therapy early in the disease management. The findings 
on bone scintigraphy rarely influence primary manage- 
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ment, although it is possible to make out a case that, 
because of the relatively high prevalence of occult 
lesions which are of high risk of fracture (for example, 
in the femoral neck) bone scintigraphy may be 
indicated in patients with locally advanced disease, in 
order to permit prophylactic treatment to peripheral 
metastases likely to progress to overt fracture. The 
overall value of this remains unproven (Anon 1981, 
Schunemann et al, 1990). Bone scintigraphy is indicated 
at any stage of the disease if there are symptoms which 
could be attributable to bone secondaries, not 
confirmed by plain radiographs, or if there is a raised 
alkaline phosphatase which is otherwise unexplained. 

During the course of the disease, scintigraphy may be 
required at any time if symptoms develop which might 
be attributable to bone metastases, or if the alkaline 
phosphatase becomes elevated. It is also indicated in 
patients with an apparent loco-regional occurrence, as 
up to one-third of these patients have occult bone 
metastases, treatment of which may prevent patho- 
logical fracture (Kunkler & Merrick, 1986). The assess- 
ment of change in scintigraphic appearance as a 
measure of treatment outcome of bone disease 
(Coleman etal, 1983) is fraught with difficulty. The 
significance attached to any change must be interpreted 
with great caution. 


Carcinoma of bladder 

Carcinoma of bladder is common, with an incidence 
of approximately 25 per 100000 per annum in men and 
half this in women. Under the TNM classification it is 
categorized into five stages—-from TO (carcinoma 
in situ) to T4, in which there is deep progression through 
the serosa—'N' staging, depending on whether local or 
para-aortic nodes are involved and histological grading 
depending on the degree of differentiation. In the early 
stages treatment is surgical, with local resection of the 
tumour or, for multiple Tl disease, topical chemo- 
therapy (bladder installation). In more advanced local 
disease, radical radiotherapy is now usually the treat- 
ment of choice and may in some cases be followed by 
total cystectomy. Systemic chemotherapy of dissemi- 
nated disease using cis-platin based regimes now has a 
place, and a number of trials are currently in progress 
with some highly active platinum compounds. It is 
generally considered that chest metastases respond 
better to chemotherapy than those in other sites but 
there is no agreement as to how response of bone 
metastases should be assessed. 

Routine staging includes blood chemistry, chest 
X ray, IVU, cystoscopy and bimanual examination, 
supplemented by computed tomography if radical 
radiotherapy is contemplated. Radiologically, skeletal 
deposits may be lytic or mixed lytic/sclerotic. The preva- 
lence of bone metastases correlates with both the histo- 
logic grade and the clinical stage. 70% of patients with 
invasive carcinoma develop distant metastases within 18 
months, mainly to the pelvic lymph nodes, less 
commonly to the skeleton. Bone scintigraphy is not 
regarded as a routine staging procedure even though the 
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prevalence of bone metastases is similar, stage for stage, 
to carcinoma of the breast (Davey et al, 1985). 

There is no evidence that routine bone scintigraphy 
affects management and it therefore cannot be recom- 
mended, It is, however, indicated in patients with a 
raised alkaline phosphatase or with symptoms referable 
to the skeleton for which no explanation is found on 
plain radiographs. It may be indicated if à cystectomy is 
considered as a radical therapeutic manoeuvre. to 
exclude from this. procedure patients who cannot 
benefit. 


Carcinoma of the prostate 

This is another common malignancy in which patients 
frequently suffer metastases to the skeleton. The preva- 
lence of skeletal metastases is related to clinical stage, 
rising from 5% to 10% in patients with stage 0 disease 
to 70% in those with stage 4 disease. When surgery is 
being considered, full TNM staging is normally 
required. Survival is related both to the histological 
grading and to the clinical stage, but the most important 
prognostic indicators are alkaline phosphatase (Merrick 
etal, 1985) and prostate-specific antigen (Chybowski 
et al, 1991). 

There is as yet no consensus on the value of treating 
early asymptomatic disease. An MRC trial is in 
progress, but there seems little prospect that conven- 
tional treatment at this stage will improve either total or 
symptom-free survival. In the UK treatment is for the 
most part conservative and local therapy is considered 
only if there is a clinically significant obstruction to 
urinary outflow. Elsewhere, radical radiotherapy and/or 
surgery are commonly employed. Where treatment is 
necessary, there is often a good and prolonged response 
to ablative (orchidectomy or LHRH analogue) or anti- 
androgen therapy. Escape from control usually occurs 
eventually at a distant, rather than at the primary, site. 

Overall, about 30% of patients have bone metastases 
at presentation and about 70% at postmortem. the 
latter figure possibly reflecting the number of patients 
whose death is unrelated to the tumour. The majority 
are sclerotic, the remainder mostly mixed and only a 
minority lytic. Unlike most tumours which metastasize 
to bone, pathological fractures are rare in carcinoma of 
the prostate and they tend to heal well. Primary investi- 
gations are more concerned with assessing the severity 
and extent of bladder outflow obstruction. It was at one 
time suggested that the bone scan could be used as a 
prognostic indicator, but it is now clear that alkaline 
phosphatase and prostate specific antigen (PSA) are 
considerably more sensitive, the latter being also a 
better indicator of escape from control. Being a disease 
of older men, the co-existence of muscular and/or joint 
pains not related to the carcinoma is, of course, 
common. Many patients with bone metastases are 
asymptomatic but, on follow-up, about 10% of initially 
metastasis-free patients develop skeletal metastases per 
year. 

There is thus only a limited role for bone scintigraphy 
in the management of this disease. There is a case for 
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performing a bone scan in a patient with a raised PSA 
or alkaline phosphatase, in order to determine tlie sites 
involved and so that Paget's disease can be distinguished 
from metastases by appropriate radiographs. There is 
also, as in other diseases, a good case for performing 
this examination in a patient with local symptoms, 
especially if there is radiographic doubt as to the pre- 
sence of metastases. At the present time there is no 
established place for scintigraphy in the asymptomatic 
patient with a normal alkaline phosphatase, nor is there 
any established role for it in routine follow-up. 


Conclusions 

There is no longer a case for routine bone scintigraphy 
in any of the conditions discussed, but many specific 
indications exist. There is less evidence in other tumours 
(Leung et al, 1991; Sham et al, 1991), but there is none 
in which bone scintigraphy can currently be recom- 
mended as a routine staging procedure. 
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Abstract. Errors in spinal dual X-ray absorptiometry (DXA) were studied by analysing X-ray CT scans taken for diagnostic 
purposes on 20 patients representing a wide range of fat content. The mean difference between the fat thickness over the vertebral 
bodies and that over a background area in antero-posterior (AP) scanning was 6.7-- 8.] mm for men and 13.4-- 4.7 mm for 
women. For lateral scanning the mean fat thickness difference was only 4 mm for both sexes, but the dispersion was greater, with a 
standard deviation of 15 mm. To relate these differences to errors in bone mineral. measurements were made of the bone mineral 
equivalence of fat-equivalent materials on DXA machines from three manufacturers. 10 mm of adipose tissue was equivalent to 
— 0.043 g/cm’ of hydroxyapatite. For AP scanning a non-uniform fat distribution leads to a mean overestimate of 0.029 g/cm? for 


men and 0.057 g/cm? for women. The error exceeded 0,1 g/cm? in 10% of slices. For lateral scanning the error exceeded 0,1 g/cm? 


(about 15% of normal) in a quarter of slices. 


The measurement of bone mineral has grown in impor- 
tance with the development and refining of techniques 
and the realization that there are measures that can be 
undertaken to reduce bone loss, particularly in post- 
menopausal women. In particular, dual-photon absorp- 
tiometry (DPA) can be used to determine bone mineral 
in the lumbar spine, hip and whole body with excellent 
precison. The accuracy of such measurements is less well 
known, because its determination is more difficult in the 
absence of a recognized yardstick. Some causes of in- 
accuracy are inherent in the composition of the human 
body. 

An inherent assumption in dual-energy absorptio- 
metry is that there are only two tissue 
components—bone mineral and soft tissue of uniform 
composition—with known attenuation coefficients. The 
assumption is invalid, since fat is a third component 
with attenuation characteristics that differ appreciably 
from those of other soft tissues. With most methods of 
analysis a uniform layer does not affect bone mineral 
determination, but in the region of the lumbar spine the 
distribution of fat, particularly that within the perito- 
neum, may be very non-uniform. 

We and others have previously assessed the likely 
degree of non-uniformity and have determined the 
resulting errors in DPA of the lumbar spine using 
radionuclide sources (Roos etal, 1980; Farrell & 
Webber, 1989; Tothill et al, 1989). The calculations 
were based on the known y-ray energies of the sources 
and tabulated attenuation coefficients of the tissues 
involved. 

The introduction of dual-energy X-ray absorptio- 
metry (DXA) has brought increased speed of measure- 
ment and a precision of better than 1% for the lumbar 
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spine, but introduces uncertainties about the errors due 
to fat, as the photon beams used are not mono-ener- 
getic. The higher photon flux associated with DXA also 
facilitates lateral scanning of the lumbar spine, permit- 
ting measurement of the bone mineral of a vertebral 
body without overlapping spinous processes. It seemed 
important to extend our previous assessment of fat- 
induced errors to DXA. A brief presentation of part of 
this work has previously been made (Tothill & 
Pye, 1990). 


Methods 

The technique of examining the distribution. of 
adipose tissue was the same as that previously used 
(Tothill et al, 1989). Archived X-ray computed tomo- 
graphic (CT) scans taken for diagnostic purposes that 
included the appropriate lumbar vertebrae were 
selected. Scans of 10 female and 10 male patients were 
chosen to represent a wide range of fat content. 

To examine the distribution relevant to DXA scan- 
ning in the antero-posterior (AP) projection, all CT 
scans including lumbar vertebrae 2 to 4 were examined; 
this yielded a total of 124 slices. The spacing of slices 
was such that on average there were two scans per 
vertebra. For lateral scanning, any slices that included 
ribs or pelvis were excluded, as these could not be used 
for lateral DXA. L3 was always included, usually part of 
L4 and occasionally part of L2. 61 scans were available. 


Choice of adipose tissue CT window 

The CT image was displayed on the computer 
monitor and a histogram of number-of-pixels versus CT 
number (in Hounsfield units, HU) was used to select a 
window defining the limits of adipose tissue. It was 
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Figure 1. Histogram of number of pixels against CT number in 
Hounsfield units, with alternative positions of upper threshold. 


recognized that a degree of subjectivity might be intro- 
duced in this choice, so the effect of changes in this 
window was investigated. A histogram of HU is illus- 
trated in Fig. 1. It displays two distinct peaks in the 
soft-tissue range, corresponding to lean and fat tissue, 
with a broad and relatively flat valley between them 
Below the adipose tissue peak there is a sharp cut-off at 
about — 150 HU, so that a fixed lower threshold can be 
used. The effect of varying the upper threshold was 
examined by selecting CT scans from three subjects, 
representing thin, medium and fat individuals. Slices 
through Ll, L3 and LS were considered and upper 
threshold levels defined at either end of the histogram 
iust below the lean tissue peak (High) and just 
above the fat peak (Low), together with a mid-valley 
value. Fat thicknesses were then determined using these 
three threshold levels. 

Sometimes the partial volume effect led to a non-fat 
mixture in the gut falling within the chosen window. 
These areas were edited out before a profile of fat 
thickness in the AP and lateral projections was 
computed by summing all adipose tissue pixels along à 
row. Figure 2 shows a CT scan with the adipose tissue 
highlighted and the profile of its thickness 
superimposed 


valley 


Back ground selection 

During the processing of an AP scan the DXA 
apparatus selects a background lateral to the vertebral 
bodies on either side. The outside edge of this back- 
ground can be varied, but preferred values are 
suggested. The computer was used to calculate the mean 
thickness of adipose tissue on the CT scan in a corre- 


sponding background area and also over the width of 


the vertebral body. Overall background widths of 65, 
85. 105 and 125 mm were used, the last being the 
preferred value of the Hologic machine used in our 
laboratory 

There is not yet agreement on w hich area(s) are most 
appropriate for background selection in lateral scan- 
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B2 (lateral) 
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Figure 2. (a) CT scan with the adipose tissue highlighted and 
the profile of its thickness in the AP direction superimposed 
(b) Outlines of body and vertebra illustrating the selection of 
background areas 


ning, but as examples we took on each CT slice an area 
anterior and adjacent to the vertebral body of width 
equal to it and another of twice that width. Figure 2 also 
shows the background areas associated with the CT slice 
illustrated 


Variation of bone mineral density with background 
width in AP DXA scans 

We had previously shown that the position of the 
selected background area had a profound effect on the 
error introduced by non-uniform fat distribution in 
radionuclide DPA (Tothill et al, 1989), so this point was 
investigated further by analysing a number of patient 
AP DXA scans using different background widths. 
Hologic QDR-1000 AP lumbar scans from 20 subjects 
were chosen, half of them normal volunteers, the 
remainder patients referred for investigation. There 
were 16 women and four men. The scans were analysed 
using overall widths of 85 mm, 105 mm and 125 mm. 
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Figure 3. Distributions of differences of thickness of adipose tissue between that over the vertebral bodies and that in a 


background area of overall width 125 mm, for AP scanning. 


Bone mineral equivalence of fat 

Owing to the heterogeneous nature of the X-ray 
spectra used in DXA it was considered necessary to 
measure, rather than calculate, the bone mineral equiva- 
lance of a given thickness of fat, using the apparatus 
employed for DXA. A water bath was set up on the 
patient couch and a scan obtained of a slab of bone- 
mineral-equivalent material (BEM), 5 cm square, placed 
in the water. The scan was then repeated with the 
chosen fat-equivalent material (FEM) beneath the bone- 
equivalent slab. As a variety of materials have been 
considered as models of fat, measurements were made 
using polyethylene, paraffin wax, Perspex (methyl meth- 
acrylate), stearic acid and lard. Thicknesses of FEM, 
BEM and water were varied. 

The scans were processed in the same way as patient 
scans, except that a region of interest just inside the slab 
boundary was chosen manually. The bone mineral equi- 
valence of an FEM layer was taken as the difference 
between the BMD value with and without the FEM 
present. 

Most measurements were made using a Hologic 
QDR-1000 machine, which achieves the two X-ray ener- 
gies by rapid switching of the kVp from 70 to 140. Some 
measurements were repeated with a Hologic 
QDR-1000W, used in  spine-scanning made. 
Measurements were also made on two machines that use 
absorption edge filtration to split a continuous spectrum 
into two effective energies, a Lunar DPX and a Norland 
XR 26. 


Results 
Effect of CT window on fat thickness estimate 

For each of the upper threshold settings on the nine 
CT slices, the adipose tissue thickness was determined in 
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each of the four background areas and over the verte- 
bral body. As expected, there was a significant increase 
in deduced adipose tissue thickness with increase in 
threshold. The relationship was approximately linear. 
with a threshold difference of 2 HU leading to a change 
of apparent fat thickness of 1 mm. However, when the 
difference of fat thickness between that over the verte- 
bral body and that over any of the background areas 
was considered, there was no relationship with threshold 
level, so that the setting chosen was not critical. 


Fat thickness differences for AP scans 

For each CT slice the mean fat thicknesses over the 
vertebral body (V) and over the background area 
outside the vertebral body but inside the selected overall 
width (B) were calculated. BI refers to a width of 
65 mm, B2 to 85 mm, B3 to 105 mm and B4 to 125 mm, 
most attention. being paid to the last as being the 
preferred value. B — V then constituted the fat thickness 
difference. The results are illustrated as a frequency 
distribution for B4— V for all the slices, separated by 
sex, in Fig. 3. As mean bone mineral is usually 


"— Pn 


B4 —V was positive in all but one of 20 subjects. 
The results are summarized in Table [. It can be seen 


that B—V increases with background width, parti- 
cularly in women. The difference between B4—V for 
men and women was significant at p < 0.05. The vari- 
ance of B4 — V for all slices in individual patients, with a 
mean standard deviation. of 6.3 mm for men and 
9.1 mm for women, was similar to the standard devia- 
tions of B4 — V for the groups. 

The results were also examined at different levels 


le 
through the lumbar spine. For each patient a slice was 
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Figure 4. Distributions of differences of thickness of adipose tissue between that over the vertebral bodies and that in anteriorly 


placed background areas, for lateral scanning. 


identified that passed through the vertebral body at L2, 
L3 and L4. Mean values of B4 — V at the different levels 
are shown in Table H. For men there were no signifi- 
cant differences of B4 — V for the different vertebrae, but 
B4 — V was greater at the level of L4 than at either L2 or 
L3 in women. 
The mean value of V was 58.1 + 28.1 mm for men and 
47.7 mon 4 mm bs women. A ee PNE 
v1 P one Was. cane vith BAV 
0.USV4 1.72, r = 0.52, p < 0.02, when results for men 
and women were considered together. 


Fat thickness differences for lateral scans 

Mean fat thicknesses were calculated for each slice in 
the same way as for AP scans. Two values of B were 
determined, BI being an area anterior to the vertebral 
body of the same width and B2 twice that width. There 
were no significant differences of B— V between men 
and women, the means being B1 - V = 2.4+ 16.3 mm 
for men, 6.7-13.5 mm for women, B2—-V = 
7.0 mm for men, —6.1+ 14.2 mm for women. 


Table L Differences of adipose tissue thickness (B— V) in 
millimeters for different overall background widths for AP 
scanning. Means--standard deviations of all slices covering 
L2-L4 in 10 subjects of each sex 





Background width (mm) 





65 85 105 125 

ABE) Bi- zn - uh ad pes Y) 
Men 49+6.2 5.1 6.7 5647.7 67481. 
Women 6,9 43.3 8.4-- 3,0 106.9 4- 3.7 13.4+4.7 
810 


The frequency distributions are therefore combined in 
Fig. 4. There were too few slices through vertebrae other 
than L3 to permit an investigation of the effect of slice 
level. It can be seen from Fig. 4 that the mean value of 
B--V was lower for lateral than AP scanning, but the 
variance was greater. There was no correlation between 
B — V and V for lateral scanning. 


Bone mineral equivalence of fat-equivalent materials 
Most of the measurements were made with a thick- 
ness of BEM corresponding to an areal bone mineral 
density (BMD) of approximately 1 g/cm* of calcium 
hydroxyapatite, near the values found in normal 
subjects. Thicknesses of FEM ranging from | to 7 cm 
were added and for all three machines the bone mineral 
equivalence was closely linear when plotted against 
thickness. The slope of this line then gave the required 
factor relating fat to apparent bone. The results are 
presented in Table IIl. Those for the two Hologic 
machines and the Norland XR26 were very similar, but 
the Lunar DPX gave values approximately 11% higher, 


Table H. Differences of adipose tissue thickness (B4-V) in 
millimetres through different lumbar vertebrae for AP 
scanning. Means t standard deviations, 10 men, 10 women 





Vertebral level 


ud L3 14 


L2-4 
B4-- [SV Tap men 824 7.2 3.84 10.5 S146.8 67481 
B4-V for women 8.5+6.2 9.8454 19.5-82* 13.44+4.7** 





*Male/female difference significant at p « 0.001. 
**Male/female difference significant at p « 0.05. 
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in accordance with a similar overestimate of the 
hydroxyapatite standard, itself scanned without any 
FEM. Also included in Table III is the density of the 
FEMs, to permit expression of the bone mineral equiva- 
lents for 1 g/cm? of material. 

The linear relationship between FEM thickness and 
bone mineral equivalence meant that measurements 
made with one material could be used to predict results 
with another by using the factors in Table IH. 
Polyethylene, 34 mm thick, was therefore used as the 
most convenient material to investigate the effects of 
different water and BEM thicknesses. 

Water depths of 10, 15, 20 and 25 cm were used with 
a BEM thickness of approximately | g/cem*. Water 
depth was kept at 15 cm while BEM thickness was 
varied from 0.4 to 1.3 g/cm?. The reproducibility of 
measurements of bone mineral was about 1%. When the 
difference between measurements of BEM with and 
without FEM was used to give the bone mineral equiva- 
lence of the fat, the uncertainty rose to about 794. 
Within this level of uncertainty there was no appreciable 
dependence of bone mineral equivalence on the thick- 
ness of water or bone mineral with any of the apparatus 
investigated. 


Effect of fat thickness differences on error in bone 
mineral 

The measured bone mineral equivalence was used to 
determine the errors in spine bone mineral measure- 
ments introduced by the fat thickness differences 
reported above. Adipose tissue is not pure fat and 
indeed probably varies somewhat between sites and 
subjects. The assumptions were made that adipose tissue 
is 85% fat and that fat is represented by stearic acid 
(Nord & Payne, 1990); | cm adipose tissue is thus 
equivalent to —0.043 g/cm’ of hydroxyapatite. This 
factor can be used to determine the errors introduced by 
the differences of adipose thickness (B — V) presented in 
Table H and Figs 3 and 4. 

For AP scanning the mean error in the BMD of 
L2-L4 taken together was an overestimate of 
0.029 + 0.034 g/cm* for men and 0.057 3- 0.020 g/cm? for 
women, or about 3% and 6%, respectively, of normal 
values. The error exceeded 0.1 g/cm? (about 1094 of 
normal) in 10% of slices, but only in one subject out of 
20 when taking a mean of L2-L4A, 


Table HI. Bone mineral equivalents for Hologic QDR-1000, 
Norland XR26 and Lunar DPX 








g/cm? hydroxyapatite Density 
for 1 cm of material (g/cm?) 
Hologic Norland — Lunar 
Polyethylene — 0.057 0.058 0.065 0.91 
Paraffin wax — 0.057 — — 0.91 
Perspex 0.036 0.035 0.042 1.18 
Stearic acid 0.050 0.049 0.059 0.95 
Lard 0.049 = — — 
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For lateral scanning the mean values of B— V were 
not significantly different from zero, but the dispersion 
was greater. Results for each slice are more important, 
as bone mineral will generally be determined for one 
vertebra or a part of it. Bl — V exceeded +20 mm in a 
third of slices and +40 mm in 8%. The resulting errors 
in BMD of 0.086 g/cm" and 0.172 g/cm? represent more 
than 10% and 20% of normal values. 


Variation of BMD with background width in patients 

A dependence of total bone mineral content (BMC) 
and bone mineral density (BMD) on the background 
width was evident. However, some of this dependence 
was found to be due to the automatic edge-fitting 
routine, which defines the extent of the vertebrae. The 
area selected varied slightly with the overall width 
included in the analysis. This variation was established 


.by scanning the Hologic spine phantom, in which the 


"soft-tissue" background is homogeneous plastic. The 
same scans were used to determine a correction factor 
for the patient scans. The results are presented in 
Table IV. 

The standard deviations of the patient BMD values 
show that a wide range was covered, in fact from 0.47 to 
1.25 g/cm’. On the other hand, the standard deviations 
of the differences in BMD between the different back- 
ground widths was low, indicating a consistent pattern. 
The standard deviations for the phantom scans, 
reflecting only the reproducibility of the measurements, 
were satisfactorily low. Reducing the analysed scan 
width below the preferred 125 mm does lead to a small, 
but significant apparent decrease in BMD, as predicted 
from the mean fat thickness differences derived from the 
CT scans. The disparities are greater for the lower 
lumbar vertebrae, again as predicted. 

The variation of BMD with background width, pre- 
sumably due to non-uniform fat distribution, may be 
compared quantitatively with. that. predicted from the 


Table IV. BMD values (in g/cm’) for different overall scan 
widths (in mm). Means t standard deviations for 20 patients or 
10 repeated scans of Hologic spine phantom 





Overall scan width (mm) 


85 105 123 
L2-L4, patients 0.9111 0.9224 0.9287 
-:- 0.2169 4: 0.2164 +0.2144 
L2--L4, phantom 1.0329 1.0380 1.0397 
+ 0.0027 + 0.0026 3- 0.0026 
L2-L4, patients, 0.9171 0.9239 0.9287 
corrected 
Corrected difference 
from 125 mm 
for L2-L4 —0.0116 ~~ 0.0048 
1 0.0136 3: 0.0063 
for L2 only 0.0073 0.0048 
for L3 only —0.0182 ~~ 0.0047 
for L4 only —0.0194 — 0.0126 





CT scans by using the data in Tables I and HI. Taking 
means of the results for men and women for L2-L4, the 
adipose tissue thickness differences between background 
widths of 85 mm and 125 mm would be 3.3 mm and 
between 105 mm and 125 mm, 1.8 mm. These translate 
into BMD differences, assuming that adipose tissue is 
equivalent to 85% of stearic acid in water, of 
0.014 g/cm^ and 0.0077 g/cm’, respectively, values not 
far from those presented in Table IV. 


Discussion 

Previous reports of the effect of non-uniform fat on 
errors of bone mineral measurements in the spine have 
been concerned with radionuclide source absorptio- 
metry. Roos et al (1980) used measurements on 
cadavers to deduce that a median error of 7% was 
introduced into their estimation of bone mineral in L3. 
Their measurement system is, however, unique. 

Farrell and Webber (1989) used CT scans to examine 
fat distribution. Their conclusions were similar to ours, 
although the results were expressed in a different way. 
They deduced that the corresponding error in DPA 
measurements using a "Gd source had a median value 
of 7.9%. This figure has been challenged (Mazess & 
Sorenson, 1989; Sorenson. 1990) and inconsistencies in 
their calibration procedures have been pointed out (Pye, 
1991). With a consistent treatment, the median error 
would be 3.6%. 

Our own previous investigation regarding fat errors in 
Gd and ^" Am/" "Cs scanning (Tothill et al, 1989) was 
based on some of the same CT scans as were used in the 
present work, so naturally the conclusions are similar. 
However, different background areas were used, so 
there are quantitative differences in the fat thickness 
differences. Our previous finding that a background 
area far enough from the vertebral bodies to exclude 
lateral processes increased the fat error substantially, led 
us to modify our technique of analysis (Tothill et al, 
1989). Backgrounds in DXA scanning are usually 
chosen by edge-detecting algorithms so that the inner 
edges are close to the vertebral bodies, but the suggested 
outer edges are quite widely spaced. Table I shows that 
the fat error can be minimized by reducing the width, 
but this might have a deleterious effect on precision. 

The agreement between the observations of the varia- 
üon of BMD with background width in patient scans 
and those predicted from the CT scan data is reassuring, 
but it must be remembered that the populations were 
different and so small as to provide no more than an 
indication of trends. 

Our previous bone equivalent factors for radionuclide 
source scanning, based on assumptions about soft-tissue 
composition and using tabulated attenuation coeffi- 
cients, were somewhat lower than the measured values 
presented here. There have been other estimates of the 
bone mineral equivalence of fat in DXA. Cullum et al 
(1989), also using a Hologic QDR-1000, found an 
apparent 1% change of bone density owing to 3 mm of 
fat-equivalent material replacing water over bone. They 
do not indicate what FEM was used, nor the baseline 
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bone density, but their estimate of the error appears to 
be smaller than ours as presented in Table HI. 

Hangartner and Johnston (1990) used Lucite to 
model fat in phantom studies similar to ours. Lucite is 
methyl methacrylate, similar to Perspex. They accept 
that it is not a perfect match for fat, as the ratio of 
attenuation coefficients at the two photon energies is 
somewhat lower than that for fat. However, the linearity 
of the effects with thickness of Lucite allows the differ- 
ences to be taken into account. They found that a fat 
thickness difference of 1 cm would lead to a bone 
mineral error of 0.044 g/cm? for a Hologic QDR-1000 
and 0.051 g/cm’ for a Lunar DPX. These values are 
slightly lower than ours for stearic acid (Table I). 

Our present communication is the first to combine a 
survey of fat distribution derived from CT scans with 
measurements of the bone equivalence of fat in DXA 
scanning, so no direct comparisons can be made with 
other results. The examination of errors introduced in 
lateral scanning is also new. The important finding here 
is the large variance between patients of fat thickness 
differences. Errors greater than 10% would be quite 
common. 

Heterogencity of fat distribution affects precision as 
well as accuracy. Valkema et al (1990) have shown that 
heterogeneity of the soft-tissue background increases the 
standard deviation above that expected from counting 
statistics using "Gd DPA. The effect is relatively more 
important for DXA because the higher photon intensity 
and greater stability mean that physical limitations of 
precision are reduced. 

The above is concerned with spatial variations of fat 
distribution. Temporal changes would also be impor- 
tant. It is possible that the pattern of fat distribution 
changes as the total amount of fat alters. A number of 
studies of bone mineral changes during weight loss are 
under way and it could well be that a variable fat error 
would influence the conclusions. 

Intervertebral fat also introduces an error into DPA 
measurements of spine bone mineral. Its magnitude can 
be estimated from the composition quoted by Mazess 
and Vetter (1985). They give a value of 100 mg/cm’ of 
fat in the trabecular space of young subjects rising to 
300 mg/cm? in old subjects. Taking a path length of 
2.5 cm, these figures lead to bone mineral errors of 
0.013 and 0,038 g/cm’, respectively, using our equiva- 
lence values. These errors are smaller than the average 
errors resulting from extravertebral fat distributions, 
but will partially compensate for them for AP scanning. 

We have not, as yet, given any attention to possible 
errors resulting from uneven fat distribution in other 
parts of the skeleton; it is likely that they will be smaller, 
as the highly heterogeneous abdominal fat will not be a 
problem. 

Although it is important to appreciate the possibility 
of errors resulting from fat non-uniformity, there is 
probably no practical way of making corrections. 
Multiple-slice CT scanning on all DPA patients would 
be neither feasible nor justified. Triple-photon scanning 
has been proposed as a way of providing another 
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equation to solve the third unknown (Jonson et al, 
1988). However, the attenuation coefficients are not 
sufficiently independent, so that the equations are ill 
conditioned and cannot give an accurate or precise 
result without a large and impractical increase in photon 
collection and dose (Farrell & Webber, 1990; Stronach 
et al, 1990; Kotzki et al, 1991). 

The in vivo precision of DXA of the lumbar spine, at 
better than 0.01 g/cm? of bone mineral, is excellent and 
sufficient to permit confidence in longitudinal studies, at 
least regarding the measurement technique itself. The 
limitations of accuracy imposed by non-uniform fat 
distribution will only affect such longitudinal studies if 
there are appreciable changes of fat. However, the pos- 
sibility of errors resulting from fat must be borne in 
mind when assessing the normality of an individual. An 
error of 0.1 g/cm? is possible and this is comparable to 
the coefficient of variation of the results for normal 
subjects; indeed, it must contribute to it. 
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An afterloading technique utilizing The Royal London Hospital caesium-137 


brain needle in an oral obturator 


By A. M. Tierney, BSc, B. S. Mantell, FRCP, FRCR 


Departments of Medical Physics and Radiotherapy and Oncology, The Royal London Hospital, 


London E1 1BB, UK 


Keywords: Brachytherapy, Oral cancer 


[he intended use of the brain needle (Fig. 1) is the 
brain tumours using a stereotactic tech- 
nique (Mantell et al, 1986). We have adapted the needle 
to suit another purpose. 

A patient with a mixed tumour of the right paranasal 
sinuses was treated by initial chemotherapy followed by 
leaving a large cavity extending to the 
roof of the sphenoid sinus, where histology of the 
resected specimen showed residual squamous cell carci- 
noma. Post-operative external irradiation using 8 MV 
X rays was given to the entire operated volume as a 
dose of 5000 cGy in 24 fractions over 36 days. It was 
intended to boost the dose to the region of the sphenoid 
sinus to minimize the risk of recurrence at this site, while 
keeping the dose to the brain stem within tolerance. This 
was achieved by brachytherapy using precisely placed 
radiation (CD12040 miniature cylindrical 
Amersham International) in the brain needle. 

In order to treat the surface of the cavity a closely 
fitting obturator was constructed by the dental labora- 
Ihe mould was marked via the right nostril to 
obtain the entry point for the needle. Simulator films 
were then taken with the patient wearing the obturator. 
Gastrografin was used to highlight the surfaces of the 
obturator and the cavity and showed that they matched 
well. Isodoses of a tandem of sources of combined active 
length 10 mm and total activity 3020 MBq (81.6 mCi), 
were obtained from the Philips oncology support system 
ind confirmed by calculations. The were 
magnification and superimposed on the 
simulator films enabling the desired source position to 

A hole was drilled in the obturator from 
entry point. allowing the needle to be 
inserted through the right nostril to bring the sources to 
the desired position (Fig. 2) 

^ final check was made to ensure that the obturator 
could still be worn comfortably and that the brain 
with ease, in the obturator. The 
needle stayed in position and did not slip even when the 
patient moved so 11 did not appear necessary to have a 
method of holding the needle in position. However, a 
suitable tie was attached for reassurance. Fig. 3 shows 
the patient wearing the obturator with the needle in 
position. The patient did not suffer any discomfort and 
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Figure 1. Brain source needle. 


with supervision able to insert and retract the 
needle himself. 

The doses was prescribed to the maximum dose-rate 
on the surface of the obturator, 200 cGy h^ ' and a dose 
of 2250 cGy was given with the needle in place for 11 h 
15 min over a period of 30 h. This is shown on Fig. 4 
(sagittal) from which it was also possible to estimate the 
dose-rate to the brain stem at 8.5cGy h~'. Fig. 5 
(coronal) shows the estimated dose-rates to the sides of 
the obturator and that to the left eye at 23 cGy h 


which were considered acceptable 


Was 





Figure 2. Needle situated in the obturator. 
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Figure 3. Patient wearing the obturator with the needle inserted 
and ties to ensure correct source position is maintained. 


Brachytherapy for cavities such as the nasopharynx 
has long been carried out using gynaecological sources 
such as a radium pack and more recently high dose-rate 
afterloading equipment has been available for this 
purpose. In the absence of such a facility this technique 


is advantageous for radiation protection, accuracy of 


dosimetry and a shorter treatment time. 
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Figure 4. Isodose distribution around the sources indicating the 
dose-rates on the surface of the obturator 





Figure 5. The estimated doses on the sides of the obturator 
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Magnetic resonance (MR) imaging of flexion and exten- 
sion manoeuvres in the cervical spine has proved useful 
in the clinical evaluation of bone and joint instability 
(Hadley & Condon, 1988; Jordan & Enzmann, 1991) as 
well as providing a research tool into the biomechanics 
of the living spinal cord (Condon & Hadley, 1988). 
Unfortunately the image acquisition procedure is time 
consuming. Difficulties in repositioning are coupled with 
problems of patient acceptibility caused by discomfort. 
images have to be acquired with the patient's neck in 
fexion, extension and in a neutral position. Images 
taken at intermediate neck positions may also be neces- 
sary for a cine loop to be constructed so that the 
dynamics of the interactions. between the cord and 
lesions (e.g. osteophytes, bone movement etc) can be 
adequately appreciated. In order to produce an image of 
sufficient resolution and contrast, each position must be 
maintained for several minutes. Even in normal volun- 
teers this is rarely practicable if the neck is unsupported, 
so each position is maintained using various shapes of 
foam padding with the patient being removed from the 
imager between scans to alter their position. Repeated 
Hung and relocation of the patient's neck is required 
until a good angulation is achieved. Each time the 
patient also has to be carefully repositioned by the 
operator to ensure that the patient’s midline is in the 
same plane as the long axis of the magnet. Ensuring 
correct. angulation and positioning simultaneously is 
difficult and prone to error and scans have often to be 
repeated. 

A device is described which reduces repositioning 
time and patient discomfort. It permits a calibrated 
means of ensuring correct angulation for flexion, exten- 
gion and intermediate positions, as well as standardizing 
these between patients. 


Methods 

Figure | illustrates the system. The body of the device 
consists of Tufnol (a resin impregnated cloth) plates and 
is secured to the end of the patient couch platter using 
removable Delrin (an acetal plastic) bolts. Delrin and 
Tufnol were chosen because they contained no ferro- 
magnetic components and produced no significant 
senal when imaged. The device itself operates by a 
screw and pulley block system. The pulley system has 
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four cords and the pulley block separation can be 
changed by a distance of 50 mm using a knurled hand- 
wheel. This gives a total range of movement on the 
canvas head support of 200 mm. A pulley cord leads off 
the moveable pulley system for a metre in the direction 
of the patient and is secured to the apex of a triangular 
plastic plate. From the other two sides of the triangle 
two cords lead to the Tufnol head rest assembly which is 
bolted into the magnet end of the patient platter. The 
assembly consists of two Tufnol plates separated by 
four Delrin bars. The two cords loop over a tie bar 
above the patient's forehead, through channels sewn in 
either side of a canvas sling and are secured to the 
bottom of the head assembly. The patient's head rests 
on this sling. 

The patient is centred on the couch using standard 
laser position markers and is positioned with their chin 
tucked into their chest in the flexed position, ie. with 
the cord retracted into the block and pulley arrange- 
ment. The patient is now loaded into the magnet and the 
first scan obtained. The patient's head can now be 
lowered back a calibrated amount without the patient 
having to be withdrawn from the magnet. To do this the 
operator rotates the knurled handwheel disc a predeter- 
mined number of turns. The triangular plate ensures 
that both sides of the sling are lowered evenly so that 
the patient does not have to be repeatedly centred with 
respect to the median sagittal plane. 

A full extension position is achieved because: (a) the 





Figure 1 Diagrammatic arrangement of flexion/extension 
device. A = Canvas head support; B = spigot used to attach 
head support unit to patient support table; C = triangular 
support cord adjustment plate; D — screw and pulley block 
system; E = anchor plate which is firmly attached to the 
patient support table. 
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head assembly has no bottom plate, thus allowing the 
head to lie at a lower level than the patient platter and 
(b) a cylindrical foam pad is placed under the patient's 
neck so that their head "droops" over it when the sling 
is at its lowest point. During the lowering procedure 
communication with the patient is maintained. The 
conditions investigated are often too painful to obtain 
the full range of flexion and extension and it is rather a 
matter of how much angulation the patient can tolerate. 

The images were acquired on a 0.15 T Picker resistive 
system using an spin-echo (SE) 700/32. 192 view, 2 
average. 7 mm thick slice. A single loop surface coil in 
the shape of a "T" was placed between the sling and the 
patient's neck. The coil was made from flexible 30 gauge 
(0.3 mm) copper strip and was covered in plastic wrap- 
ping to insulate it electrically and to eliminate sharp 
edges which might cause discomfort. Flexible surface 
coils are now being produced commercially by some 
manufacturers which might be suitable for this purpose. 

Scans were performed on a normal volunteer using 
both the conventional "remove from the magnet and 
reposition" approach and the new device. The acquisi- 
tions were timed and the angulation of brain stem with 
respect to cervical cord, and the line joining the pos- 
terior section of the foramen magnum and clivus with 
respect to the cord were both used as measures of how 
closely the device approximated to the conventional 
repositioning approach. 


Results 

Figure 2 shows the extension and flexion positions for 
the conventional positioning approach (upper images) 
and that for the device (lower images). Angular changes 





Figure 2. Extension and flexion. Upper figures: conventional 
positioning technique (extension left, flexion right); lower 
figures: device positioning technique (extension left, flexion 
right). 
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over the flexion and extension manoeuvre between the 
brain stem and the cervical cord, and between the brain 
stem and the line joining the posterior extent of the 
foramen magnum and the tip of the clivus, were the 
same for both techniques within experimental error 
(+ —3) It took an additional 2 min to install the 
device on the patient couch, but approximately 9 min 
less for repositioning between scans. This meant a net 
saving of 7 min in an overall examination time of 
5] min. Higher field systems with shorter acquisition 
and examination times would have a proportionately 
higher time saving. 


Discussion 

It is clear from inspection of the images that the 
angulation of the skull with respect to the neck is 
different in the two techniques. In the conventional 
approach a higher degree of flexion is obtained, whilst 
better extension is achieved with the device. This 
apparent discrepancy between the quantitative and 
visual analyses is due to bending of the neck occurring 
not just at the atlanto-occipital junction (to which the 
angulation measurements apply), but also at each 
cervical level especially at C4/CS. 

The winch system has, within error. matched the 
conventional positioning methods in terms of angular 
range at the atlanto-occipital junction, but has not 
managed to mimic the lower components in terms of 
flexion. It has actually exceeded the conventionally posi- 
tioned limits of extension because it allows the back of 
the patient’s head to be lower than the level of the 
platter. We had previously used padding to raise the 
patient's shoulder during the conventional extension 
view, erroneously assuming this would allow full exten- 
sion to be achieved. 

The inability to mimic full flexion using the device ts 
not thought to be an intrinsic limitation of the device 
itself, but of the aperture of the body coil. The older 
style magnet used has an elliptical bore with a maximum 
height of 370 mm which limits the height of the tie bar 
in the head rest assembly over which the drawcords 
pass. Newer magnets with a round aperture of typically 
550 mm or greater will allow a higher support rail and 
are more likely to allow the full flexion and extension 
manoeuvre to be performed. 


Conclusion 

The new device reduces the amount of manipulation 
to the patient’s neck required to produce the correct 
angulation and position. As well as reducing discomfort 
it also reduces overall examination time and allows a 
more calibrated and standardized approach to position- 
ing to be taken. It also allows full extension to be 
achieved at least as well as the conventional approach 
and also full flexion at the atlanto-occipital junction, 
The component of flexion occurring typically at C4/C5 
was not achieved, but it is likely that this problem could 
be overcome in modern magnets. These have body coils 
with larger vertical internal diameters than the older 
system used for these measurements, thus allowing the 
full range of flexion, 
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By J. F. Dyet, FRCR, W. Hartley, FRCR, “A. R. Cowen, BSc and C. P. Aber, FRCP 


The Royal Infirmary, Anlaby Road, Hull HU3 2JZ and *Department of Medical Physics, Leeds General 
infirmary, The Wellcome Wing, Gt George Street, Leeds LS1 3EX, UK 


(Received 17 May 1991 and in revised form 13 November 1991, accepted 14 January 1992) 


Keywords: Grey scale, Digital, Cineangiography, Image enhancement 


Digital X-ray imaging techniques have achieved wide- 
spread acclaim in general vascular diagnosis and in the 
support of interventional procedures. However, in car- 
diac angiography, acceptability of digital imaging until 
recently, has been less enthusiastic. To a large extent this 
has reflected the effectiveness of cine fluorography and 
ihe exacting performance standards that it sets to any 
competing technique. Whereas cine fluorography 
provides rapid acquisition of dynamic sequences of high 
(spatio-temporal) fidelty images, the review of these 
images has to be retrospective and in practice it is 
necessary to rely heavily on the modest image quality 
provided by TV fluoroscopy for the on-line evaluation 
of the procedure. 

Early attempts at digital cardiac imaging based upon 
digital subtraction angiography (DSA) produced results 
of widely inconsistent quality. This was partly because 
of the inferior specification of the equipment used at 
that time. In addition, however, the dynamic nature of 
the heart itself sets limits to the precision with which 
subtractive imaging could be performed. Non- 
subtractive, or grey-scale, digital imaging on the other 
hand promised several practical advantages over DSA 
for cardiac studies, provided that the quality of the 
images could be enhanced using digital imaging tech- 
niques (Rouse et al, 1986). 

The recent introduction of extremely fast but econo- 
mical analogue to digital converters and microproces- 
sors now means that the contest between digital and 
ane fluorography in cardiac imaging can begin in 
earnest. Viable digital imaging systems which are 
custom designed for cardiac applications are now 
available. 

Address correspondence to Dr J. F. Dyet, Cardiovascular 
Radiology Unit, Radiology Department, The Royal Infirmary, 
Hull HUJ 2JZ. 


This paper compares some of the advantages and 
disadvantages of an early Philips Digital Cardiac 
Imaging (DCI) system, with the present cine film “gold 
standard". 


The equipment 

In its basic format the DCI operates as a digital cine 
fluorography system. In this mode it provides rapid 
acquisition of non-subtracted (grey-scale) digital X-ray 
images. Digital cine images can be acquired at rates of 
up to 50 frames per second. Each image comprises a 
(512 x 512) pixel array with grey-scale discrimination on 
256 discrete levels (namely 8 bits or 1 byte of informa- 
tion per pixel). 

Correspondingly, each image frame contains approxi- 
mately one quarter of a megabyte of information. The 
DCI at Hull utilizes a large diameter triple-field 
(14"-10"-6") X-ray image intensifier and an XTV-6 
television channel incorporating a 2" frogs-head 
Plumbicon camera tube. The image intensifier output is 
mapped with a degree of overmagnification onto the 
target of the TV camera. This “‘overframing” technique, 
which is often used in cine fluorography, ensures that 
the digital matrix array is used efficiently. This leads to a 
corresponding reduction in image field coverage, but 
this has not proved a problem in cardiac imaging. In 
DCI the television camera target signal is read out in 
progressive (non-interlaced) scan mode leading to 
optimal detail resolution of the moving coronary 
arteries. 

The DCI system also incorporates an enhanced 
definition mode which provides an increased level of 
signal-to-noise ratio where the clinical procedure 
demands better image quality. In this mode the maxi- 
mum image acquisition speed is reduced to eight frames 
per second (f.p.s.), while the operating radiation dose is 
increased by a factor of seven. Subtractive imaging is 
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also available with the DCI at this reduced image 
acquisition speed. Other acquisition facilities available 
with the DCI include high-contrast pulsed fluoroscopy 
(HCF); the last 5s of the sequence can be stored for 
later review and road mapping (two files are provided 
for multiple road maps). 

In its basic form the DCI incorporates a 474 Mbyte 
magnetic disc; this storage capacity can be increased 
optionally to 1.42 Gbyte. Digital cardiac imaging inevi- 
tably yields prodigious quantities of digital image data. 
For example, 8 runs at 10 s per run, imaging at 25 f p.s. 
yields a volume of data equivalent to the total capacity 
of the standard hard disc. Under these conditions it 
would be necessary to review and download the image 
data to archive after each patient. It is clearly advisable 
to limit the volume of image data acquired at the outset 
by optimizing the image acquisition speed: at Hull 
Royal Infirmary 12.5 fps. is routinely used for 
coronary examinations. In the DCI, long term archiving 
may be provided in digital form via an optional 
streamer tape drive. In practice, the images are archived 
in their enhanced form on analogue recording media as 
static frames on a video hard copy imager (Du Pont 
Opt-Imager) and/or as a dynamic series on VHS video 
tape. In principle, digital image archival and soft copy 
review are two of the principal attractions of digital 
imaging technology. 

A major advantage of DCI is that the dynamic 
sequences of images can be reviewed and analysed 
immediately following acquisition. The DCI enables this 
review process to be controlled, either at the patient's 
side using an infrared hand controlled viewpad or at the 
separate viewing station, which provides a wider range 
of image handling and processing facilities. The viewpad 
enables road map selection, image storage and recall. 
and instant review of all runs in real-time (or slow 
motion both forward and reverse). The viewing station 
console also provides for processing and quantitative 
analysis of the images. 


Image enhancement 

Being a computerized system it is possible to perform 
post-acquisition image enhancement to accentuate 
certain features. The following programs are available: 
edge enhancement, window level and width. zoom and 
loupe (spot magnification), 


Analytical programs 

The DCI also provides on-line quantification of a 
number of cardiac functions. These include the 
following. 

Ejection fraction. After identifying the plane of the 
aortic valve and the apex of the left ventricle, the 
ventricular outline is automatically traced in end systolic 
and end diastolic frames. If these tracings appear in- 
accurate they can be corrected manually. The ejection 
fraction is then automatically calculated by the area- 
length method of Sandler & Dodge (1986) (Fig. 1). 
Using the catheter size as a reference measurement, 
stroke volume, end systolic and end diastolic volumes 
can be calculated (Fig. 1). 
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Figure 1, Automatic ejection fraction 


Central line wall motion analysis. Using the informa- 
tion already available the left ventricular wall motion is 
analysed and reproduced graphically (Fig. 2) (Sheehan, 
1986). 

Wall motion region of interest. (Fig. 3). This program 
analyses regional wall motion (Kirkeeide & Gould, 
1986). 

Coronary analysis. Using the catheter size for calibra- 
tion, the section of vessel which is of interest is automa- 
tically analysed. Edge detection techniques allow the 





Figure 2. Centre line wall motion. 
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Figure 3. Regional wall motion 


contour to be drawn and then the size of the vessel and 
the percentage of stenosis are calculated (Fig. 4). This 
facility is particularly useful in sizing angioplasty 
balloons 

Digital subtraction. We have found this facility useful 
when investigating extracardiac anomalies. Subtraction 
may be performed using any frame speed as a pre- or 
post-acquisition mode. The best images are produced at 
lower frame rates (less than 8 f.p.s.) 


Archiving 
Following our initial use of equipment, and after 
discussion with our surgeons as to what images they 


found acceptable, we adopted the following methods of 


archiving, acknowledging a workload of approximately 
20 cases per week. 

Recording at 12.5 f.p.s. we are able to archive | 
week's work on a C30 standard VHS cassette. This 
becomes our master copy and never leaves the depart- 
ment. Each case is reported immediately on completion 
and if intervention ts thought to be indicated a separate 
VHS tape is recorded on a C10 cassette. This tape 
accompanies the patient to surgery or to angioplasty, 
but following the intervention is wiped clean and reused. 
In addition to obtaining the two VHS tapes, selected 
images are transferred from the photofile onto a hard 


Table Il. Number of patients in each stenosis group 





Number of stenoses 


per patient 0 | 2 3 4 ST 
DCI 47 43 30 33 24 23 
Cine 48 46 28 29 23 26 





/ 0.36 (no significant difference between the two recording 


modes) 
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Figure 4. Vessel diameter and percentage stenosis. 


copy (a standard 35 x 43 cm radiograph) (Fig. 5) using a 
Dupont Opti-Imager. This is stored in the patient's 
X-ray envelope. If desired, the digital information can 
be stored on streamer tape. 


Comparison with cine film 

With use of an optical distributor incorporating à 
semi-reflective mirror, it is possible to record simul- 
taneous DCI and cine film on each patient. The timing 
of the frames is identical, as a single pulse of radiation 
produces both images. In our first 100 coronary angio- 
graphy patients, simultaneous recordings were made at 
an acquisition rate of 25 f.p.s. 6 months later, these were 
re-reported randomly by two radiologists working 
independently. The number of significant stenotic 
lesions (those judged to be of more than 50% severity) 
was noted and each recording was scored for quality, 
being awarded three (good), two (satisfactory) or one 
(poor) points. (Tables I & II). 

There is no significant difference between the number 
of lesions reported using DCI and cine film. The slight 
variation is due to observer interpretation in assessing 
whether a lesion exceeds 50% severity. Both radiologists 
scored the quality of the DCI as better than the cine film 
in a large number of cases, but it is impossible to offer 
valid statistical evaluation because the viewing of the 
recordings cannot avoid bias, since the different method 
of presentation of cine film and DCI recorded on video 
tape is obvious. 


Table II. Quality assessment 








Cine DCI Equal 
Radiologist | 6 3l 63 
Radiologist 2 7 25 68 
y —0.46 (no significant difference between the two 


radiologists) 


The British Journal of Radiology, September 1992 


Technical notes 


Discussion 

One of the main reasons that cine fluoroscopy has 
been so successful is that the high spatial resolution has 
given excellent film detail. Theoretically, digital acquisi- 
tion on a 512 matrix produces poorer spatial resolution, 
but because the contrast resolution can be controlled 
directly, it is possible to. demonstrate. abnormalities 
more clearly using digital techniques. Digital techniques 
also allow suppression of unwanted signals such as lung 
flare, which can be a problem with cine fluoroscopy. 

In addition to the analytical programs already 
referred to, the digital system offers further advantages 
in radiation reduction, reduction in archiving cost and 
space, and also in its compatibility with other digital 
systems which are common in modern radiology 
departments, 

The reduced radiation is of particular importance to 
interventionists and is achieved by lowering the frame 
rates from 50 f.p.s or 25 f.p.s. to 12.5 f.p.s.. With digital 
acquisition it is possible to obtain flicker-free images at 
this frame rate by using a gap filling technique. 

The main disadvantage of the DCT is its cost. A single 


Vol. 65, No. 777 


plane system cost approximately £110000 more than a 
comparable cine system. We believe that digital acquisi- 
tion is the cardiac imaging system of the future. 
Already, because of its digital control, enhancement 
facilities and analytical programs, it is considerably 
more versatile in operation than cine fluoroscopy. 
Further technological advances will undoubtedly occur, 
making digital systems even more attractive. 
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Tuberculosis (TB) is still endemic in Britain, 5474 cases 
being notified in England and Wales during 1989 
(9: 100000). Eighty-one new cases of TB were notified in 
Wolverhampton during that year (31: 100000), Despite 
the introduction of preventative and curative treatment, 
this is little less than half the 195 new cases of TB in 
Wolverhampton notified during 1947 (Report of the 
Director of Public Health, Wolverhampton, 1990). The 
ethnic minorities in Britain are overrepresented amongst 
the patients with tuberculosis (Davies etal, 1984). 
Wolverhampton has a rate three times the national 
average, and this is considered to be due to the social 
and ethnic structure of its population 

In the USA the incidence of tuberculosis, which had 
been previously declining over decades, has since 1985 
an increase (Buckner etal, 1991). This is con- 
sidered to be due to the HIV epidemic. Clinical manifes- 
tations of tuberculosis in patients with AIDS are often 
atypical. In approximately 15% of patients without HIV 
infection TB occurs at extrapulmonary sites, whereas 
this is seen in 40% of patients who are HIV positive 
(Goldsmith, 1990) 

Bony tuberculosis is classically described in about 1% 
of patients with tuberculosis (Davidson & Horowitz, 
1970). The rib is an uncommon site of osteoarticular 
tuberculosis 

We present 


shown 


cases of rib tuberculosis which 
demonstrate the computed tomographic (CT) appear- 
ances and the role of CT in its diagnosis. 


[wo 


( ase reports 
Case I 

An 80-year-old male Indian farmer presented with lower left 
chest pain for 6 months. He had smoked until 3 years prior to 
us admission. Chest radiograph showed a destructive lesion in 
the left Sth rib with associated soft tissue shadowing. The 
mediastinum was unremarkable on the chest film. The lesion 
was initially thought to be malignant, CT was performed and 
showed right paratracheal, carina! and sub-carinal lymph node 
[here was an area of low attenuation with rim 
nhancement seen deep to serratus anterior and contiguous 
with a similar lesion in. the pleural space (Fig. 1). On bone 
settings there was destruction of the associated nb. CT attenua- 
tion reading of this lesion suggested it to be a fluid density 


enlargement 
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Dynamic CT, 100 ml iohexol (300 mgl/ml) 
Chest wall and pleural soft tissue lesion with rim enhancement 
and low attenuation centre 


Figure I. Case | 


Aspiration of this lesion yielded pus which grew tuberculous 
bacilli 


Case 2 

A 39-year-old male Indian solicitor was referred with a three 
month history of pain in the left parasternal region and also 
interscapular pain. He had a pyrexia, weight loss, anorexia and 
was experiencing night sweats. On his chest film there was 
suspicion of right paratracheal nodal enlargement. CT was 
performed 6 days later in an effort to confirm this. On PA and 
lateral chest radiographs there was no evidence of chest wall 
abnormality 

CT showed right paratracheal, carina] and sub-carinal nodal 
enlargement. The sub-carinal nodes showed peripheral 
enhancement with central low density (Fig. 2). In the left 
posterior upper thorax there was a lesion involving the chest 
wall, rib and pleural space (Fig. 3). Again the CT attenuation 
suggested fluid density. Biopsy confirmed the presence of tuber- 
culosis bacilli 

Neither patient was thought to be at risk for HIV infection. 


Discussion 


The ribs are unusual sites for osteo-articular tubercu- 
losis, occurring in none of 36 patients described by 
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SO ml bolus iohexol 


Post-contrast CT. 
(300 mgl/ ml). Subcarinal lymph node enlargement exhibiting 
peripheral enhancement and lower attenuation centre 


Figure 2. Case 2 


Foley-Nolan etal (1991) nor in any of 71 patients 
reported by Rathakrishnan & Mohd (1989) and in only 
two of 499 cases described by Goldblatt & Cremin 
(1978). Newton cited one case of ‘chest wall’ TB in his 
series of 74 Manchester patients (Newton et al, 1982) 
and Nicholson found that 14 of their 176 patients had 
TB involving ‘ribs. manubrium and sternum’ 
(Nicholson, 1974). Brown in Bradford was able to iden- 
tify and describe seven cases of tuberculosis of the ribs 
(Brown, 1980). 


In the largest series reported, the shaft was the site of 


= 


infection in the majority of the 23 cases of rib tuberculo- 
sis (Tatelman & Drouillard, 1953). Costovertebral 
involvement was the next most common presentation 
invariably associated with tuberculous spondylitis. 

In our first case, CT images on bone settings demon- 
strated irregular bone destruction that was not shown 
on plain radiographs. In our second case, CT demon- 
strated bony destruction and the associated soft tissue 
lesion, neither of which were apparent on the plain 
films. 

The nature of bone destruction shown on CT was as 
one would expect from descriptions in a conventional 
radiology text (Thijn & Sheensma, 1990), or in previous 
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Figure 3. Post-contrast CT, 50 ml 
(300mgl/ml). Fluid density lesion involving chest wall, rib and 
pleural space seen in upper left thorax posteriorly 


reports of skeletal tuberculosis demonstrated with CT 
(Coppola et al. 1987; Ip et al, 1989). The associated soft 
tissue lesions in our patients had similar features of 
central low attenuation with rim enhancement which 
Coppola et al (1987) described in a review paper of CT 
in musculoskeletal tuberculosis. Similar appearance of 
TB of the chest wall was shown by Eschelman et al 
(1991). However, one should be aware of other imaging 
findings in rib tuberculosis not seen in our patients. Ip 
et al (1989) described two patients with rib tuberculosis 
whose associated soft tissue component did not have a 
low attenuation centre, and relative high attenuation 
rim. Such an appearance could obviously mimic a 
tumour and indeed tumour-like tuberculous lesions of 
bone have been described at other sites (Abdelwahab 
et al, 1987). 

The diflerential diagnosis of an irregular destructive 
rib lesion associated with an adjacent soft tissue mass 
with or without low attenuation change would include 
metastasis, multiple myeloma, Ewing's and invasive 
peripheral lung cancer, as well as infective pathologs 
such as actinomycosis and other indolent infections 

Im et al (1987) found the presence of low density 
areas within enlarged mediastinal nodes to be very 
helpful in differentiating tuberculosis from other causes 
of mediastinal lymphadenopathy (22/23 patients). They 
demonstrated a marked preponderance of enlarged 
tuberculous mediastinal nodes to be in the right paratra- 
cheal, right tracheobronchial and the sub-carinal areas 
Our two patients conformed to this pattern 

Low attenuation change in enlarged mediastinal 
nodes is recognized in lymphoma (North etal, 1990) 
and metastatic disease, if somewhat unusual (Im et al. 
1987). There is overlap in the distribution of enlarged 
mediastinal nodes in tuberculosis versus neoplastic 
disease with lymphoma often involving the right para- 
tracheal area. However, sparing of the prevascular and 
hilar areas is very suggestive of mediastinal TB 


Coloured patients have been shown to exhibit 
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changes of SPET and/or florid periosteal reaction 
associated with their tuberculous bone destruction on 
ja | radiography (Jacobs, 1964; Chapman et al, 1979). 

ji his wassiot seen in our patients nor in those 
‘Coppola et al.(1987) or Ip et al (1989), one would 
expect in due.course to see such CT findings described. 

Because. of the AIDS epidemic and the associated 
increase in the jricidence of TB, this is a diagnosis that 
needs to be considered more frequently than in the 
recent past. Moreover, given the high rate of extrapul- 
monary involvemeht (Goldsmith, 1990), radiologists 
will need to be attentive to the skeletal manifestations of 
tuberculosis. Firooznia etal (1973) in a report of 21 
cases of disseminated extrapulmonary tuberculosis asso- 
ciated with heroin addiction found that the ribs were the 
most Continon site of infection in this group of patients. 

Tuberculosis has been shown to occur earlier in the 
course of HIV-infection than óther opportunistic infec- 
tons such as pneumocystic carinii (Goodman, 1990). 
Delays of y months in the diagnosis of skeletal 
tuberculosis are well recognized (Newton et al, 1982) 
but they still occur (Foley-Nolan et al, 1991), but early 
CT of the thorax and recognition of the features 
described here may expedite the diagnosis. 

In conclusion, the CT findings or irregular mb 
destruction, with an associated soft tissue lesion which 
exhibits a low attenuation centre and exhancing rim 
combined with right-sided mediastinal node enlarge- 
ment should alert the radiologist to a diagnosis of rib 
tuberculosis and, if the patient is not of a social group 
predisposed to tuberculosis, consideration should be 
given to the possibility of drug abuse or HIV infection. 
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Percutaneous transluminal angioplasty (PTA) ıs 
gradually becoming accepted as a method of treatment 
for internal and common carotid stenoses. although the 
exact indications, risks and outcomes have not vet been 
determined (Brown et al. 1990). Angioplasty of athero- 
sclerotic stenoses of the external carotid artery has been 
performed less often. We present a case where a patient 
developed increasing hemiparesis since much of the left 
cerebral circulation was supplied from a stenosed 
external carotid artery and collaterals. The left internal 
carotid artery was occluded and the right internal 
carotid stenosed. The patient's symptoms improved 
markedly following PTA of the left external caroud 
artery, 


Case report 

A 76-year-old woman presented with a 2 month history of 
slurred speech and increasing weakness of the right arm and 
leg. She was a lifelong smoker. On examination she was 
dysarthric. normotensive and in sinus rhythm. The heart 
sounds were normal but there were bilateral high pitched 
carotid bruits. On the right side there was mild weakness of the 
arm and leg, an increased ankle jerk and an extensor plantar 
reflex. Cranial nerve assessment was normal 

Carotid angiography demonstrated complete occlusion of 
the left internal carotid and a severe stenosis at the orgin of the 
left external carotid artery (Fig. 1). There was also a 25% 
stenosis at the origin of the right internal carotid artery 
Although there was some blood flow across the Circle of Willis 
from the right to left, there was a significant left cerebral supply 
from the left external carotid via the superficial temporal and 
supraorbital arteries and then retrogradely along the 
ophthalmic artery to the carotid syphon 

The patient’s condition continued to deteriorate with further 
weakness of the right arm and leg. It was decided to perform 
angioplasty of the left external carotid artery to increase the 
collateral flow to the left hemisphere 

The left common carotid artery was cannulated with a 5 
French Mani catheter (W. Cook, Europe) from a right femoral 
approach. It was not possible to pass a conventional guide wire 
across the stenosis, but a hydrophilic guide wire passed easily 
and the diagnostic catheter was placed across the stricture. A 
5 mm angioplasty balloon on a straight 5 French catheter was 
used to dilate the stenosis. The balloon was inflated three times 
for 20 s on each occasion. Apart from heparinized salire used 
to flush the catheter no additional heparin was used. A good 
angiographic result was obtained and no pressure measure- 
ments were taken (Fig. 2). The procedure was done under light 
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Figure 1. Left carotid angiography demonstrating complete 
internal carotid occlusion and severe stenosis of the external 
carotid artery 


sedation and the patient suffered neither general nor neuro- 
logical ill effects throughout. 

By the next day her condition showed marked improvement 
She was discharged | week later with the strength in her right 
leg having returned to normal and with only a mild residual 
weakness of the right arm. 





Figure 2. 
carotid stenosis showing a marked radiographic improvement 


Post-angioplasty appearance of the left external 


Discussion 

Balloon angioplasty of the carotid artery was first 
described by Kerber and Mullan in separate case reports 
in 1980 (Kerber et al, 1980; Mullan et al, 1980). Both of 
these were intraoperative dilatations during carotid 
endarterectomy. Few case reports followed this because 
of the perceived risk of causing embolic stroke (Fallon, 
1980). Following a retrograde transluminal carotid 
angioplasty through an arteriotomy, the small amount 
of debris that was dislodged was collected and analysed 
(DeMonte et al, 1989). This material was composed of 
cholesterol crystals and amorphous debris. It is the 
chnical effect of even a small amount of this material 
reaching the cerebral circulation that is of concern. 
Nevertheless, PTA of the supra-aortic arteries has been 
successfully performed in selected patients and the 
results have been described in the literature in recent 
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years (Brockenheimer & Mathias, 1983; Wiggli & 
Gratzl, 1983; Zeitler et al, 1983; Tsai et al, 1986; Vitek 
et al, 1986; Freitag et al, 1987; Theron et al, 1987; 
Brown et al, 1990; Kachel, 1991). 

The reported success rate of PTA of the supra-aortic 
arteries is 94-97% (Becker et al, 1989; Kachel et al, 
1991) and is similar to that reported from other vascular 
areas where the technique is more commonly applied 
(Gruntzig & Kumpe, 1979). No deaths have been 
described following supra-aortic PTA. The major 
complication is permanent paresis and this occurs in 
0.5% of supra-aortic cases and 1.7% of carotid artery 
cases. Minor complications include puncture site 
haematomas, transient neurological symptoms and 
thromboemboli in the digital arteries. These occur in 
2-4% of cases (Becker et al, 1989; Kachel et al, 1991). 

Endarterectomy is the established treatment for 
carotid stenoses in those patients fit for surgery. This 
has a reported 7.5% risk of death or severe stroke at or 
within 30 days of surgery (European carotid surgery 
trial, 1991), although different studies have found risks 
between 2% and 21% (Easton & Sherman, 1977; 
Browse & Ross-Russell, 1984), Patients with coexisting 
symptomatic coronary disease have a 14% mortality 
rate at surgery (Tsai et al, 1986). Apart from stroke 
within the territory of the operated vessel, strokes of 
other areas, myocardial infarcts, pulmonary emboli and 
local cranial nerve lesions can all occur as surgical 
complications (Sundt et al, 1975). It is against this tech- 
nique and its risks that carotid PTA results must be 
measured. The evidence so far suggests that angioplasty 
compares favourably. 

Most of the reports of carotid angioplasty concern 
the internal carotid artery. External carotid artery PTA 
is performed much less commonly, although it has been 
done prior to temporal artery to middle cerebral artery 
shunt operations (Motarjeme et al, 1982; Vitek et al, 
1986). Although Vitek successfully dilated the external 
carotid artery in 18 cases, the results of the bypass 
operations have been disappointing and have failed to 
prevent ischaemic strokes (EC/IC Bypass Study Group, 
1985). 

There have been few reports of external carotid PTA 
to increase collateral flow when the internal carotid 
artery is occluded (Tsai et al, 1986; Kachel et al, 1991). 
The three patients described had transient ischaemic 
attacks but were asymptomatic at the time of the dila- 
tation. The technique was successful and no complica- 
tions occurred. 

External carotid PTA as a treatment of developing 
hemiparesis has not to our knowledge been reported 
previously, but may prove useful in cases such as this 
when no other options are practical. 
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Although renal metastases are found at autopsy in 12% 
of patients with osteosarcoma (McKenna et al, 1966), 
antemortem diagnosis is extremely rare. Deposits occur 
as part of widespread dissemination of the disease and 
the patients usually die of other effects before their renal 
disease becomes symptomatic. 

We report a patient who presented 5 years after 
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treatment for a femoral osteosarcoma with a renal 
metastasis involving the renal vein and inferior vena 
cava which was demonstrated on computed tomo- 
graphy (CT) and ultrasound. This entity has not been 
previously described and the initial suspicion was that 
the patient had developed a further primary tumour. 


Case report 

A 15-year-old male presented in January 1985 with a 
swelling above the left knee. Radiographs suggested an 
osteosarcoma and biopsy confirmed the diagnosis. 





Figure 1. Enhanced CT scan showing replacement of the right 
by tumour (large arrow). The inferior vena cava is 
ompletely filled with tumour (small arrow) 


Kine, 


Staging investigations, including CT of the chest and 
radionuclide bone scan, showed no evidence of meta- 
stases. Initial treatment was by limb sparing resection of 
the primary tumour with pre- and post-operative 
chemotherapy. Local recurrence a year later necessit- 
ated disarticulation of the hip. In March 1989 a left 
upper lobectomy and wedge resection of the left lower 
lobe were performed for pulmonary metastases. 

Thereafter, he remained well until June 1990 when he 
presented with a 6 week history of painless haematuria. 
He failed to attend for investigation of this problem and 
the haematuria apparently resolved spontaneously. In 
August 1990 he returned having noticed a lump in the 
nght hypochondrium 





Figure 2. Enhanced CT scan showing extension of the tumour 
into the supra-diaphragmatic part of the inferior vena cava 
(arrowed) 
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Figure 3. Transverse ultrasound scan of the right kidney 
showing large partially necrotic tumour mass. 


A CT scan showed an inhomogeneous 15cm mass 
which showed no calcification or ossification and 
entirely replaced the right kidney. The mass enhanced 
after intravenous contast medium (Fig. 1). Dynamic 
enhanced scans showed massive tumour extension into 
the inferior vena cava extending superiorly into its 
supra-diaphragmatic portion (Fig. 2) and into the lower 
right atrium, and inferiorly to below the pancreatic 
head. The left kidney appeared normal and no lymph 





Figure 4. Longitudinal ultrasound scan through the inferior 
vena cava showing the lumen filled with partially necrotic 
tumour (arrows) extending above the diaphragm. 
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node enlargement was found. There were two small 
pulmonary deposits. 

Ultrasound showed a large mass replacing the right 
kidney with multiple irregular cystic areas presumed to 
represent necrosis (Fig. 3). Involvement of the inferior 
vena cava extending above the confluence of the hepatic 
veins was confirmed (Fig. 4). Under ultrasound guid- 
ance two biopsies of the renal mass were obtained using 
a 14G Trucut needle. 

Sections from the biopsies showed a necrotic tumour 
composed of masses of partly mineralized osteoid 
containing large, though degenerate, neoplastic cells. 
Although almost entirely necrotic, the tumour cytology 
was well demonstrated in Masson's trichrome prepara- 
tions and the osteoid was readily identified using crossed 
polarizers. Architecturally the tissue was identical to the 
primary tumour and subsequent pulmonary metastases. 


Discussion 

Renal metastases are found at autopsy in 12% of 
cancer patients, although antemortem diagnosis is much 
less frequent. The most common primaries are lung, 
breast, gastrointestinal tract, melanoma and the oppo- 
site kidney. Renal metastasis from osteosarcoma is very 
rare with only eight previous clinical reports of osteo- 
sarcoma metastatic to the kidney (Marshall & Drake. 
1950; Nelson etal, 1971; Goldstein et al, 1977; Nieh 
et al, 1977; Gilbert et al, 1983; Hallet et al, 1984; Ayres 
et al, 1985; Lockhart et al, 1989). 

Although invasion of the intrarenal veins by meta- 
stases is a recognized postmortem finding (Willis, 1952), 
there has been only one report of an antemortem diag- 
nosis in the radiological literature. This was in a patient 
with metastatic squamous cell carcinoma of the lung in 
whom the diagnosis was made angiographically 
(Shimkin et al, 1972). Metastatic invasion of the renal 
vein and cava diagnosed by CT and ultrasound has not 
been previously reported. It has been stated that such 
invasion. favours a second primary (Pagani, 1983; 
Choyke et al, 1987; Pollack et al, 1987). It was therefore 
considered that the tumour in this case might represent 
a renal adenocarcinoma or a Wilms’ tumour, and 
biopsy was performed. 

The absence of calcification within the lesion in our 
patient did not help in the differential diagnosis because 
in four of the eight previously reported cases of metas- 
tatic renal osteosarcoma, calcification was not present 
including three in which CT was performed. Renal 
adenocarcinoma and Wilms’ tumour may or may not 
calcify. 

The major site of metastasis from osteosarcoma of the 
long bones is the lung, with pulmonary deposits present 
in 93-95% of patients at autopsy (McKenna et al, 1966; 
Jeffree et al, 1975). The lungs are the first clinical site of 
recurrence in 90% of those who develop metastases 
(Bacci etal, 1988). The majority of extrapulmonary 
metastases are skeletal. In all eight cases of renal meta- 
stasis reported previously, and in the case which we 
present, pulmonary metastases were present before or at 
the time of diagnosis of renal involvement. 
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Renal deposits from osteosarcoma have been diag- 
nosed after disease-free intervals of up to 14 years 
(Hallet et al, 1984). Second primary neoplasms appear 
to be uncommon after osteosarcoma, and were seen in 
only one of 172 3-year survivors of childhood osteo- 
sarcoma described by Hawkins et al (1987) and in four 
of 271 patients described by Tucker et al (1984). 

Recently, it has been suggested that there has been a 
change in the pattern of metastasis from osteosarcoma. 
In patients who have received adjuvant chemotherapy, 
the first clinical site of recurrence is more frequently 
extrapulmonary compared with earlier groups of 
patients who had not received chemotherapy (Giuliano 
et al, 1984). The basis for this change is not clear and it 
is not yet substantiated (Bacci et al, 1988). It may be 
that the increased availability of more sophisticated 
imaging techniques and more careful monitering allow 
earlier detection of extrapulmonary metastases. 
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The third dimension 
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A 3l-year-old woman presented with a 6 month history 
of pain in the neck and 2 months of swelling below the 
nght ear. She had an 8 year history of rheumatoid 
arthritis for which treatment included prednisolone 
Smg twice a day and monthly gold injections, There 
was no history of trauma. Physical examination 
revealed a marked torticollis, pyrexia and a fluctuant 
mass below the right ear. but no neurological signs 
Plain films were difficult to assess because of the torti- 
collis and. therefore, computed tomography (CT) of the 
neck with bone windows and 3-dimensional (3D) recon- 
siruction was performed. 

What abnormalities are demonstrated and what are 
the two most likely causes of the appearance at the atlas 
and axis in this patient? 





Figure 2. Axial CT bone window section of the atlanto-axial 
complex 





Figure 1. Axial CT section at level of C2 vertebra Figure 3. 3D CT reconstruction looking down the cervical spine 
from the rim of the foramen magnum (open arrows) 
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The CT scan (Fig. 1) demonstrates an extensive retro- 
pharyngeal fluid collection which extends posteriorly on 
the right to involve the atlas. The bone windows (Fig. 2) 
show destruction of the right lateral mass of the atlas 
which is associated with lateral movement of the atlas 
(curved arrow) to the left and dislocation of the left 
facet joints. There is also some rotation about the 
atlanto-axial joint, but no significant anterior subluxa- 
tion. 3D reconstruction. was found to be useful in 
demonstrating the relationship of the foramen magnum 
to the atlanto-axial complex. The 3D view (Fig. 3) was 
taken from the foramen magnum looking down the 
cervical spine and it demonstrates lateral dislocation of 
the atlas (curved arrow) to the left with the foramen 
magnum and remainder of the cervical spine remaining 
aligned (smaller arrow = axis). 

This Indian patient had aspiration of the retropharyn- 
geal abscess from which acid fast bacilli were identified 
and mycobacterium tuberculosis later cultured. The 
chest radiograph was normal Treatment initially 
involved bed rest, antituberculous chemotherapy and a 
suif collar, the latter two being continued for 18 
months, Follow-up examination after 1 year demon- 
strated resolution of the retropharyngeal abscess and 
normal neurological examination but no change in the 
degree of bone destruction or subluxation. 


Discussion 

Tuberculosis of the atlanto-axial joint producing 
subluxation is rare but well documented (Wang, 1981; 
Fang et al, 1983; Dowd et al, 1986; Lifeso, 1987). Pain 
and suffness in the neck are usually present and may 
occur before there are any X-ray changes (Shi-Dy, 
1989). Constitutional symptoms, dysphagia and a retro- 
pharyngeal abscess are also common. Neurological find- 
ings range from normal to tetraparesis. Torticollis is 
well recognized, particularly in atlanto-axial rotation 
where the head is held in the "cock robin" position 
(Fielding & Hawkins, 1977). 

Tuberculous involvement may be direct from a retro- 
pharyngeal abscess or from haematogenous spread. 
Usually, the pathological process at the atlanto-axial 
complex initially involves ligaments and bone erosions, 
particularly around the odontoid. This may lead to 
subluxation which is usually anterior. Rotatory subluxa- 
tion, as seen to a minor degree in this case, has also been 
reported in tuberculosis (Fang et al, 1983), although it is 
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more commonly seen following upper respiratory tract 
infections, trauma and rheumatoid arthritis (Shi-Dy, 
1989). In the later stages of tuberculosis more extensive 
destruction of bone occurs. At the axis this tends to 
involve the body and the odontoid, the latter may either 
fracture just above the base or be completely destroyed. 
The atlas is usually eroded at the anterior arch or the 
lateral masses. This is demonstrated in the present case 
and has resulted in not only rotatory subluxation 
around an intact odontoid, but also lateral subluxation 
of the atlas as clearly seen on the 3D scan. This had 
caused considerable narrowing of the right side of the 
spinal canal. 

Atlanto-axial disease may be caused by other 
pyogenic infections, trauma, malignancy or the arthri- 
tides. The major differential diagnosis of atlanto-axial 
disease in this patient is rheumatoid arthritis. This most 
commonly causes anterior subluxation as a result of 
erosions of the odontoid and may occur with an intact 
transverse ligament. The synovial process can also 
involve the lateral facet joints (Halla et al, 1989) 
producing lateral subluxation, lateral mass collapse and 
rotatory subluxation. However, in this patient the large 
tuberculous retropharyngeal abscess adjacent to the 
extensively destroyed lateral mass of the atlas suggested 
tuberculosis to be the primary cause, although rheuma- 
toid arthritis may have contributed to the severity of the 
subluxation. 
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There are few reports in the literature concerning the long-term 
effects of radiation on hearing. A recent paper reviewed eight 
studies which estimated the incidence of post-irradiation 
hearing loss at 0-54% (Talmi et al, 1989). The nature of the 
impairment is unclear, since both sensorineural and conductive 
deafness are reported. Most survevs have studied patients with 
cancer of the nasopharynx or paediatric tumours, the manage- 
ment of which require bilateral radiotherapy techniques, thus 
any deterioration in hearing that may occur after radiotherapy 
(XRT) owing to the lack of controls cannot be definitely 
ascribed to the effects of ionizing radiation. 

Radical radiation. of parotid tumours involves unilateral 
techniques which encompass the entire ear. The 10 year sur- 
vival from parotid tumours is high—71?s at the Princess 
Margaret Hospital (PMH) (Theriault & Fitzpatrick, 
1986)—and, therefore, such patients are ideal candidates to be 
evaluated for the long-term effects of XRT on the ear. We 
recently reviewed 269 patients with malignant parotid tumours 
treated at PMH between 1970 and 1986 and noted that [0 
patients out of 202 who received XRT reported unilateral 
hearing loss during follow-up. This number may be an under- 
estimate of the true incidence because auditory function is not 
routinely discussed at routine follow-up visits. 

Therefore, in an attempt to elucidate the magnitude of this 
problem, we contacted all patients in the above survey treated 
between 1978 and 1983, who therefore had at least 7 years of 
follow-up, and we requested their attendance for a formal 
audiometric evaluation. 


Methods 

59 patients who had received unilateral XRT for malignant 
parotid tumours at PMH between 1978 and 1981 and who were 
still alive and free of disease were contacted by letter. Patients 
were treated either using a homolateral wedge pair technique 
employing megavoltage photons or by a direct mixed beam of 
photons and electrons. Patients received doses ranging between 
4500 cGy in 20 fractions over 4 weeks and 6000 cGy in 30 
fractions over 6 weeks. The patients were invited to attend for 
an audiometric evaluation which included bilateral pure-tone 
audiograms, to assess bone and air conduction in both ears, 
and a consultation with an otolaryngologist which included à 
detailed history and a formal ear, nose and throat (ENT) 
examination, Any known predisposing factors such as trauma, 
infection or any structural abnormalites that could affect audi- 
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tory function were noted. The audiograms were scrutinized for 
any evidence of hearing loss and those patients with 20 dB of* 
hearing loss at | frequency, 15 dB at 2 frequencies or 10 dB at 3 
frequencies on the treated side, compared with the unirradiated 
ear in the absence of a known predisposition, were classified as 
having a radiation induced loss. 

A total of 19 patients replied and agreed to participate. In 
five cases, audiograms had already been carried out by the 
patients) own physicians and when possible these were 
obtained and evaluated. 


Results 

Of the 19 patients who participated 10 were male and nine 
were female. Their ages ranged from 40-83 years. All audio- 
grams were performed at least 7 years after the patient received 
XRT. Two patients were excluded because they had undergone 
temporal bone surgery on the affected side subsequent to their 
XRT. Of the remaining 17 patients who were evaluable, 12 had 
normal audiograms and ear examinations. However, five 
(29%) patients were found to have significant unilateral 
hearing losses, mainly at high frequencies, for which no predis- 
posing causes could be elucidated. These losses were regarded 
as being compatible with a radiation induced effect. Two 
examples are illustrated in Fig. I. In all cases the deficit was 
predominantly sensorineural, with both air and bone con- 
duction being affected equally. There was no evidence in any 
patient of a chronic secretory otitis media caused by ART. 

Two of the five patients with positive tests reported a notice- 
able loss of hearing in the affected ear, both of whom dated it 
to a time following their XRT. One patient thought the impair- 
ment began soon after her treatment, the other noted a gradual 
loss over a period of years. One of these patients was already 
using a hearing aid, the other is now also wearing one. 

Of the five patients with unilateral loss, three received 
5000 cGy in 20 fractions, one received 5500 cGy in 26 fractions 
and the remaining patient received 6000 cGy over 30 fractions. 


Discussion 

In this study, the incidence of significant unilateral hearing 
impairment of almost 30% is considerably greater than is 
conventionally expected. Although the incidence of idiopathic 
unilateral sensorineural hearing loss is not known, it has been 
estimated that the annual incidence of idiopathic hearing loss is 
10.7 in 100000 people (Byl, 1975), Although there have been 
previous published reports on radiation induced hearing loss, 
the data are confusing. 

Whilst there are studies that have examined models 
(Keleman, 1963; Bohne et al, 1985; Tokimoto & Kanagawa, 
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Figure 1. Audiograms showing significant unilateral sensorineural hearing loss in patients after radiotherapy for parotid tumours. 
In (a) the patient received 5500 cGy in 26 fractions to the right parotid gland in 1978 and in (b) the patient received 5000 cGy in 20 
fractions to the right parotid in 1980. In both cases there is a unilateral loss of bone and air conducted hearing implying 


sensorineural defects. 


1985), few have concerned human subjects. Those that have 
examined human subjects only evaluated short-term losses, 
conductive or mixed losses, or lacked adequate controls. The 
first report of any effect of ionizing radiation upon auditory 
function in humans was in 1961 when Borsanyi et al reported 
an acute loss of hearing following XRT given to 14 patients 
with nasopharyngeal tumours. The defect was principally con- 
ductive in nature and ascribed to radiation otitis media, In 
1965 Leach first described late hearing loss following XRT for 
head and neck cancers in 36% of patients studied and noted 
sensorineural as well as conductive hearing loss. Since then 
there have been sporadic reports on the subject in the literature, 
which were reviewed by Talmi et al in 1989, They noted that 


reported, 

Recently, a prospective study on 22 patients receiving 
external beam XRT for nasopharyngeal cancer showed a 
significant loss of sensorineural hearing when pre- and post- 
treatment audiograms were compared (Grau et al, 1991). A 
latent period of at least 12 months before the onset of the 
detectable deficit was noted, as was a significant dose-response 
relationship. Other recent. publications have included surveys 
of patients with parotid tumours similar to our own and, 
although one reported significant hearing deficit on the irra- 
diaied side in 15 of 28 patients (Singh & Slevin, 1991), the other 
failed to demonstrate any significant effect (Evans et al, 1988). 
It is clear that further work is needed to clarify the situation. 

The use of unilateral XRT techniques has allowed us to use 
the contralateral ear as a control. In nasopharyngeal carcinoma 
moth ears are irradiated and one would expect any treatment 
induced hearing loss to be bilateral. There are few known 
causes Of unilateral sensorineural loss and an idiopathic aeti- 
ology is rare (vide supra) We have examined patients with 
parotid neoplasms which, by their nature, would rarely have 
any effect on the mechanism of hearing. Any loss that was 
detected could, therefore, be attributed to the treatment rather 
than the disease, 

Although the aetiologies of most cases of unilateral hearing 
loss are not known, any such loss requires full otolaryngo- 
logical work-up. H is difficult to. discern from the literature 
what the true incidence of such pathology is, as many reports 
are from tertiary referral centres and deal with selected popula- 
tions. The differential diagnosis may be subdivided into con- 
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ductive losses, sensorineural losses and combined losses, each 
of which may have several different causes and many patients 
will have treatable pathology. 

Most diagnoses can be made after a full history and physical 
examination, although ancillary testing consisting of auditory 
brainstem responses, computed tomography (CT) scanning 
and magnetic resonance imaging (MRI) may be useful. Of the 
19 patients in our study who received unilateral XRT following 
complete work-up as outlined above, five had hearing loss 
confined to the irradiated side, after patients who had under- 
gone subsequent temporal bone resection or other determin- 
able causes of hearing loss were excluded. 

Any conductive or mixed hearing loss should be detected by 
the otolaryngologist's examination. Furthermore, additional 
investigations would detect most known causes of sensori- 
neural loss. In a retrospective study of this nature it is impos- 
sible to document a definite causal relationship between radia- 
tion and sensorineural hearing loss, but our results seem to 
imply this. 

It appears that a relationship may exist between radiation 
exposure and sensorineural hearing loss. The mechanism of this 
is not known presently. Only a few studies have been done in 
which the temporal bone has been examined and these demon- 
strated damage to the Organ of Corti, with atrophy of the 
basilar membrane, spinal ligaments and stroma vascularis. 
Hair cell atrophy throughout was also noted (Gyorki & 
Pollock, 1960, Leach, 1965; Schaknecht & Carmody, 1966). 
Whether the damage is due to a direct effect of ionizing 
radiation upon the components of the inner ear by a secondary 
endarteritis obliterans of the stria vascularis will require further 
clarification. 

It might be expected that patients with any form of hearing 
problem would be more willing to participate in this study than 
patients without any perceived hearing loss, although all except 
one patient in whom definite contact was made agreed to 
participate. Nevertheless, the number of patients with hearing 
impairment is such that we feel further investigation 1s 
warranted. We are, therefore. proposing to study prospectively 
all patients at this institution treated with XRT to areas close 
to the ear. In addition to patients with parotid malignancies, 
we also hope to include patients with benign parotid tumours, 
skin tumours and other lesions such as glomus tumours. We 
hope to be able to estimate the radiation dose to the inner ear 
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of each individual patient. so that the incidence of radiation 
induced hearing loss could be confirmed. We also hope to be 
able to establish a dose-response relationship, as the inner ear 
doses may differ depending on the technique used and the dose 
prescription, both of which may vary with the type and 
location of the lesion. 

The observations made in this study, if confirmed, may have 
considerable impact on radiotherapeutic practice. Although a 
possible interaction between radiation and Cis-platinum has 
led to proposals that treatment techniques for tumours such as 
nasopharyngeal carcinoma, which may require XRT to areas 
encompassing the inner ear in addition to platinum-based 
chemotherapy, be modified (Kirkbride & Plowman, 1989); yet 
there is little convincing evidence that radiation alone has 
significant deleterious effects on the normal function of the ear. 
However, if clinically significant hearing loss does occur in 
patients receiving XRT in the region of the inner ear, then 
some conventional techniques for treating tumours in certain 
parts of the head and neck may need to be reappraised. 


References 

BOHNE, B. A., Marks, J. E. & Giascow, G. P.. 1985. Delayed 
effects of ionising radiation on the ear. Laryngoscope, 86, 
598—602. 

BonsANY, S. BLANCHARD, C. L. & THORN, B., 
effects of ionising radiation on the ear. 
Rhinology and Laryngology, 70, 255-262. 

Bvt. F. M.. 1975. Seventy six cases of presumed sudden 
hearing loss occurring in 1973: prognosis and incidence. 
Laryngoscope, 87 (5 pt 1), 817-828. 


1961. The 
Annals of Otology, 


Evans, R. A., Liu, K. C.. AzHaR, T. & Symonps, R. P., 1988. 
Assessment of hearing impairment following radical 
megavoltage radiotherapy. Journal of Laryngology and 
Otology and Supplements, 102, 588-589, 

Grau, C., MOLLER, K., OVERGAARD, M., OVERGAARD, J. & 
ELBROND, O., 1991. Sensori-neural hearing loss in patients 
treated with irradiation for nasopharyngeal carcinoma. 
International Journal of Radiation Oncology Biology Physics, 
21, 723—728. 

GYORKI, J. & PorLock, F. J., 1960. Radiation necrosis of the 
ossicles. Archives of Otolaryngology—Head and Neck 
Surgery, 71, 793—796. 


KELEMAN, G.. 1963. Radiation and the ear. Acta 
Otolaryngologica. Suppl. 184. 
KIRKBRIDE, P. & PLowman, P. N.. 1989, Platinum 


chemotherapy. radiotherapy and the inner ear: implications 
for "standard" radiotherapy portals. British Journal of 
Radiology, 62, 457—462. 

LEACH, W., 1965. Irradiation of the ear. Journal of Laryngology 
and Otology and Supplements, 769, 870-880. 

SINGH, I. P. & Sievin, N. J, 1991. Late audiovestibular 
consequences of radical radiotherapy to the parotid. Clinical 
Oncology, 3, 217-219. 

SCHAKNECHT, H. F. & CarmMopy. C. S., 1966, Radionecrosis of 
the temporal bone. Laryngoscope, 76, 1416-1428. 


ToKIMOTO, T. & KANAGAWA, K.. 1985. Effects of X-ray 
irradiation on hearing in guinea pigs. Acta Ote 


Laryngologica and Supplements, 100, 266-272. 
THIERAULT, - is FITZPATRICK, P. J: 1986. Mia parotid 
TALMI Y. P. FINKELSTEIN, Y. (& ZOHAR. E 1989. 
Post-irradiation hearing loss. Audiology, 28, 121-126. 


Historical experiments predating commercially available computed tomography" 


By S. Webb 


Joint Department of Physics, Institute of Cancer Research and Royal Marsden Hospital, Downs Road, 


Sutton, Surrey SM2 5PT, UK 


(Received 12 September 1991, accepted 8 October 1991) 


Keywords: Computed tomography, History, Classical tomography 


Abstract 

Computed tomography (CT) was a revolution in radiology. 
Commercially available CT scanners appeared in 1972, a joint 
effort between the EMI Company, Atkinson Morley’s 
Hospital, London and the Department of Health and Social 
Security (DHSS). The name of Sir Godfrey Hounsfield will 
always be associated with these developments. 

Like most developments in science the breakthrough came 
by standing on the shoulders of giants and many experiments 
can, with the curious wisdom of hindsight, be considered 
precursors to CT. Gabriel Frank's patent in 1940 showed 
apparatus for back-projection CT and Takahashi developed 





*Based on a paper presented at Radiology and Oncology ‘91 in 
Brighton on 29 April 1991. 
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equipment in the 1940s for reconstructing from a sinogram; in 
both cases using an optical ' computer". A medical CT scanner 
was reportedly constructed in 1957 in Kiev. Transmission CT 
was performed by Kuhl in 1965. Cormack built an experi- 
mental scanner in 1963. Oldendorf identified what was needed 
for successful CT as early as 1960. Throughout the 1960s a host 
of independent workers were busy on the mathematical 
problems of reconstructing from projections with both medical 
scanning and non-medical applications in mind. 

Experiments in early emission tomography influenced the 
development of CT. With imagination one can even see how 
close "classical" tomography, as started even before 1920, 
came to the realization of CT. The pioneering British radiogra- 
pher Watson stands out from a galaxy of inventors, 

The lecture at Radiology and Oncology '91 in Brighton was 


835 


a thumbnail sketch of the origins of radiological CT. A fuller 
story is told elsewhere (Webb, 1990), 


Classical tomography 

Commercial CT is now nearly 20 years old. CT is regarded 
as a standard radiological procedure and it is perhaps hard for 
younger radiologists to imagine what diagnosis was like 
without it. Extraordinary efforts were made to visualize tomo- 
graphic slices by "classical" or “blurring” tomography. Bocage 
1921/22) was the first to patent the method of producing an 
image of a single plane in focus with others blurred out. In the 
1920s a small number of people were working quite indepen- 
dently. with no knowledge of each other's work on putting 
these principles into practice. Those best known included 
Plantes, Pohl, Vallebona, Kieffer, Grossmann, 
Bartelink, Baese, Andrews and Mayer. By 1934 they began to 
about each other. Some rather personal writing 
emerged from these workers prosecuting their rights of inven- 
tion! The detailed story is told in full elsewhere (Webb, 1990). 


Ziedses des 


hnd out 


Pioneers of computed tomography 

In 1940 a remarkable patent appeared from Gabriel Frank 
(1940) in which he explained the principles of CT. He drew 
equipment which would form the sinogram and apparatus for 
reconstructing by an optical backprojection. He forgot about 
the necessary convolution filter but had he built this device it 
would have nearly worked. Later, in Japan, in the mid 1940s 
Takahashi built equipment to make a tomographic slice by 
backprojection methods. He published an account of this work 
(Takahashi, 1957) when he became aware that his work was 
totally unknown in the West. In the year war broke out the 


British radiographer Watson (1937/1939) patented a method of 


axial transverse tomography, which using grazing incidence 
X rays was again not far short of achieving CT. 

A group of Russian papers, recently "discovered" in the 
West and translated (Tetel'Baum et al, 1956, 1957; 
Korenblyum et al, 1985; Barrett et al, 1983) recounted that a 
CT scanner was built around 1957 for medical purposes in 
Kiev. The papers discussed the filtered backprojection method 
of reconstruction and have drawings, though not photographs, 
f equipment. 

Ihe beginnings of emission computed tomography (ECT) 
can be traced to the late 1950s. Among the pioneering workers 
was Kuhl who constructed (with Edwards) a series of machines 
for ECT. These comprised detectors which rotated and 
translated about the patient receiving radiation. On 14 May 
1965 Kuhl replaced one set of detectors by a low-activity 
radiation source and made one of the first transmission CT 
scans of a live patient (Fig. 1). Cormack (1963, 1964) was also 
able to make such images on a table-top CT scanner, but when 
he published results in 1963 no one was really very interested. 
Oldendorf (1960/63) patented principles which related to CT 
and showed how combining rotation with translation move- 
ments could isolate signals from specific brain locations. His 
famous “Oldendorf's experiment” is often quoted as an early 
CT apparatus, but it did not reconstruct images. However, the 
patent described how such images could be made. Once again 
the time was not right and one of his approaches to an X-ray 
company led to one of the understatements of all time: “We 
cannot imagine a market for such an expensive apparatus 
which would do nothing but make a radiographic cross-section 
of a head" 

Towards the end of the 1960s there were plenty of papers 
detailing reconstruction from projections in fields as diverse as 
radioastronomy, electron microscopy, and optics and radio- 
logy. Indeed it is well known that the basic principles were 
described as early as 1917 by Radon (1917) 
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Figure 1. Probably the first transmission CT scan of a live 
human thorax, taken by Dr David Kuhl on 14 May 1965 with 
a modification of the “Kuhl Mark 2 scanner" (photograph 
courtesy of David Kuhl). 


Commercial CT was a product of a unique collaboration 
between Hounsfield and the EMI Company, the DHSS and 
Atkinson Morley's Hospital, London. Work at EMI had 
started as early as 1967 (Hounsfield, 1968/72; Bull, 1981) and 
progressed through laboratory stages until a prototype could 
be installed at the hospital, taking the first image on | October 
1971. The work was kept secret until the 1972 BIR Congress 
(New Scientist, 1972). Whatever view one forms of the precur- 
sors to CT, this collaboration achieved a practical technique of 
monumental significance in radiology. 

The history of the development of CT seems a good example 
of the remarks of Sir Isaac Newton, who wrote “If I have seen 
a little further it is by standing on the shoulders of giants". 


References 

BaARRETT, H. H., HAwkiNS, W. G. & Joy, M. L. G., 1983. 
Historical note on computed tomography. Radiology., 147 
(1), 172. 

Bocage, A. E. M., 1921/22. Procédé et Dispositifs de 
Radiographie sur Plaque en Mouvement. French Patent 
536464 (a translation to English by J. D. Bricker appeared in 
Classic Descriptions in Diagnostic Róntgenology, 1964, ed. 
by A. J. Bruwer (Charles C. Thomas, Springfield) 
pp. 1414-1417). 

BULL, J.. 1981. History of computed tomography. In Radiology 
of the Skull and Brain: Technical Aspects of Computed 
Tomography, ed. by T. H. Newton and D. G. Potts (C.V. 
Mosby Co, St Louis), pp. 3835-3849. 


The British Journal of Radiology, September 1992 


Short communications 


CORMACK, A. M., 1963. Representation of a function by its line 
integrals, with some radiological applications. Journal of 
Applied Physics, 34, 2722-2727. 

— — 1964. Representation of a function by its line integrals, 
with some radiological applications 2. Journal of Applied 
Physics, 35, 2908-2913. 

FRANK, G., 1940. Verfahren zur Herstellung von 
Koérpersenittbildern mittels Róntgenstrahlen. German Patent 
693374, 

HOUNSFIELD, G. N., 1968/72. A Method of and Apparatus for 
Examination of a Body by Radiation Such As X or Gamma 
Radiation. UK Patent 1283915. 

KORENBLYUM, B. I., TETEL'BAUM, S. 1, & TYUTIN, A. A., 1958. 
About one scheme of tomography. Jzvestia Vyshikh 
Uchebnykh Zavedenii, Radiofizika, 13, 151-157 (translated 
from the Russian by H. H. Barrett, Tucson, Arizona). 

NEW SCIENTIST, 1972. X-ray Diagnosis Peers Inside the Brain. 
27 April, 1972, 

OLDENDORF, W. H.. 1960/63. Radiant Energy Apparatus for 
Investigating Selected Areas of the Interior of Objects 
Obscured by Dense Material. US Patent 3106640. 


Vol. 65, No. 777 


Rapon, J., 1917. Uber die Bestimmung von Functionen durch 
ihre Integralwerte lángs gewisser Mannigfaltigkeiten (On the 
determination of functions from their integrals along certain 
manifolds) Ber Verb Sachs Akad Wiss Leipzig Math Phys 
KI, 69, 262—277. 

TAKAHASHI, S., 1957. Rotation Radiography. Japan Society for 
the Promotion of Science. 

TETEL BAUM, S. I., 1956. About the problem of improvement of 
images obtained with the help of optical and analogue 
instruments. Bulletin of Kiev Polytechnic Institute, 21, 222. 

——- 1957. About a method of obtaining volume images with 
the help of X-rays. Bulletin of the Kiev Polytechnic Institute, 
22, 154-160 (Translated from the Russian by J. W. Boag, 
Institute of Cancer Research, 1987). 

Watson, W., 1937/39. Improvements in or Relating to X-ray 
Apparatus. British Patent 508381. 

Wess, S., 1990. From the Watching of Shadows: the Origins of 
Radiological Tomography (Adam Hilger, Bristol). 


837 


1992, The British Journal of Radiology, 65, 838 





Erratum — letter to the Editor 


The Publisher apologizes to both the authors and the readers for an 
error which appeared in this letter which was published in the May 
1997 issue of the British Journal of Radiology. The error occurred 
inthe paragraph which covered the creatinine clearance values pre- 
and post-administration of contrast media. In the interests of clarity 
the letter has been reprinted. 


The use of theophylline, an adenosine 
antagonist in the prevention of contrast 
media induced nephrotoxicity 


Tug ETOR- MR, 
Impaired renal perfusion has been implicated in the pathogenesis of 
contrast media (CM) induced nephrotoxicity (El-Sayed et al, 1991). 
Animal and, more recently, clinical studies have suggested that 
endogenous adenosine may mediate the renal haemodynamic re- 
sponse to intravascular CM (Arend et al, 1987; Katholi et al, 1991). 
We have recently attempted to evaluate the protective effect of an 
adenosine antagonist, theophylline against CM-induced nephrotox- 
icity. 21 patients (14 males, 7 females; mean age 54 [19.0] years) 
undergoing coronary angiography were randomly selected to re- 
ceive either theophylline 125 mg tds or placebo. Treatment com- 
menceda day before angiography and continued for 48 h afterwards. 
lopramide 300 or loxaglate 320 was used for the examination. 
Creatinine clearances were measured before and 72 h after the 
examination, No significant change in the creatinine clearance was 
demonstrated following angiography in both groups. In the placebo 
group (<5) the mean dose of CM was 131.9 (434.3) mls, the 
creatinine clearance before the examination was 86.9 (+25.4) mi/ 
min, and 86.5 (445.1) ml/min 3 days post-examination. In the 
theophylline group (0213) the mean CM dose was 146.5 (+25) mls, 
the mean creatinine clearance before the examination was 89.7 
(16.0) ml/min and 83 (*40, 1) ml/min 3 days after. The mean serum 
theophylline concentration immediately before angiography was 
5 8 (43.1) mg/l. Three patients (mean age 52.7 [15.3] years) in this 
study developed significant renal impairment with marked falls in 
creatinine clearance from 78 (429) ml/min to 24.7 (47.4) ml/min 
post-examination, Two of these patients were on theophylline. Two 
of the patients had received loxaglate 320 and one had received 
lepramide 300, The mean CM dose was 133.3 (42.4) mls. None of 
these patients was taking nephrotoxic drugs. 

In this small series a protective effect of theophylline, with these 
doses, was not evident. However, the incidence of nephrotoxicity 
was 14% which is comparable with that reported in the literature 


(Burns, 1989). Larger studies using bigger doses of theophylline are 

required to reach a firm conclusion on the role of adenosine antago- 
nists in preventing CM induced nephrotoxicity. 

Yours etc., 

M. R. GANDHI 

P. BROWN 

C. A. J. ROMANOWSKI 

S. K. Morcos 

*S. CAMPBELL 

SA. M. EL NAHAS 

VT. A. GRAY 


Departments of Radiodiagnosis, 
*Cardiology. Renal Medicine 
and #Chemical Pathology. 
Northern General Hospital, 
Herries Road, a 
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Progress in MRI: scientific and clinical developments in the United Kingdom 


Abstracts of papers presented at an all day meeting organized by the BIR Diagnostic Methods 
Committee and supported by Premise Engineering and Schering Health Care Ltd, held at the 
Scientific Societies Lecture Theatre, New Burlington Place, London W1 on Monday 14 October 


1991 


UV generated spin-trapped hydrosyl free radicals imaged by proton-electron double-resonance imaging, by D. J. Lurie, I. 


Nicholson, J. McLay and J. R. Mallard 


Observation of MT effects in human subjects—assesment of changes in tissue parameters and design of imaging sequences, by 


J. V. Hajnal, C. J. Baudouin, A. Oatridge and I. R. Young 


Sequence choice for image segmentation via dual thresholding, by M. Paley, I. D. Wildinson, M. Hall-Craggs and K. Chong 
Measurement of fetal growth in utero by magnetic resonance imaging, by N. Roberts, A. S. Garden, P. A. Martin and 


R. H. T. Edwards 


In vitro evaluation of phase difference MR flow measurements, by P. Summers, M. J. Graves, M. Tarnawashi, M. G. Taylor 


and T. S. Padayachee 


Visualization of complex blood flow patterns using computerized vector analysis of MR velocity maps, by P. J. Kilner, G. Z. 
Yang, R. H. Mohiaddin, D. N. Firmin, P. Burger and D. B. Longmore 


Initial experience with abdominal MRA, by D. J. Lomas 


Gadolinium-DTPA enhanced turboFLASH imaging in advanced aortic iliac disease—results and comparison with 
conventional angiography, by U. M. Sivananthan, J. Ridgway, K. Bann and M. R. Rees 
Magnetic resonance velocity mapping in aortic coarctation: what should be measured, flow or velocity? by R. H. Mohiaddin, 


P. J. Kilner, R. S. O. Rees and D. B. Longmore 


Magnetic resonance imaging in adult congenital heart disease—does it compare well with echocardiography and angiography? 
by U. M. Sivananthan, A. R. Essop, J. Ridgway, K. Bann and M. R. Rees 
Analysis of ventzicular diastolic regional wall velocity in patients with stable ischaemic heart disease, by S. Karwatowski, R. 


Underwood, R. Mohiaddin and D. Longmore 


An evaluation of fast spin echo in patients with multiple sclerosis, by R. J. Gibson and J. V. Byrne 
Combination of MRI, MRA and CT data for improved skull-base surgery planning, by G. P. Robinson, D. L. G. Hill, P. E. 
Summers, S. E. M. Green, J. E. Crossman, A. J. Strong, T. S. Padayachee, D. J. Hawkes and M. J, Gleeson 


Knee imaging in arthritis, by G. Sherman 


MRI of the carpal tunnel before and after treatment for carpal tunnel syndrome, by C. W. Heron, C. R. Smith, A. G. White 


and E. Paice 


Rapid dynamic contrast-enhanced imaging of the liver and portal vein, by J. Ward, D. Martinex, A. G. Chalmers, J. Ridgway 


and P. J. Robinson 


MRI study of rat liver tumours following high intensity ultrasound therapy, by I. J. Rowland, I. Rivens, I. Chen, G. H. 


Lebozer, D. J. Collins, G. R. ter Haar and M. O. Leach 


Magnetic resonance imaging of the uterine cervix using intravaginal coils, by C. J. Baudouin, W. P. Soutter, A. Oatridge and 


D. J. Gilderdale 


UV generated spin-trapped hydroxyl free radicals 
imaged by proton-electron double-resonance imaging 


*D. J. Lurie, *I. Nicholson, J. McLav and J. R. Mallard 
*Department of Biomedical Physics and Department of 
Medicine, University of Aberdeen, Foresterhill, Aberdeen A BY 
2ZD, UK 


Endogenous free radicals such as hydroxyl (OH) are widely 
acknowledged to be implicated in many disease states. In this 
work we have used proton-electron double-resonance imaging 
(PEDRI) together with a technique called spin-trapping to 
image the hydroxyl free radicals formed by the action of UV 
light on phantoms containing hydrogen peroxide, In PEDRI a 
nuclear magnetic resonance (NMR) image is collected while the 
erythrocyte sedimentation rate (ESR) resonance of a free 
radical solute is irradiated. The result is an enhancement of the 
NMR signal in regions of the sample containing free radical; 
these regions then exhibit greater intensity in the final image. A 
quartz tube was filled with a solution of H,O, and DMPO 
spin-trap. An ultraviolet source was placed 15cm from the 
sample inside the NMR imager, which operated at 0.01 T. The 
ESR resonance of the free radical was irradiated at 223 MHz 


Vol. 65, No. 777 


while a series of images was obtained. After switching on the 
UV source, the images showed that the free radical 
concentration increased to a peak of 200 uM and then decayed 
slowly. We have demonstrated that PEDRI can be used to 
image the production of endogenous type free radicals. This 
work paves the way for both biological and ín vivo studies. 


Observation of MT effects in human 

subjects— assessment of changes in tissue parameters 
and design of imaging sequences 

J. V. Hajnal, C. J. Baudouin, A. Oatridge and I. R, Young 
NMR Unit, Hammersmith Hospital, Du Cane Road, London 
W12 OHS, UK 


Objective: To determine the changes in M, and T, that can be 
induced by magnetization transfer (MT) and to use this 
information to develop imaging sequences that display 
increased and/or novel contrast. Introduction: The signals 
observed in in vivo 'H nuclear magnetic resonance (NMR) 
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derive from oniy a fraction of the protons in tissue. Many 
spins, for example those bound in large proteins and other 
macromolecules, remain invisible because of their short 
transverse relaxation tissues. Magnetization is constantly 
exchanged between the visible and invisible pools of spins 
tconventionally labelled A and B, respectively). In consequence 
both M, and T, of the visible (A) pool are modified by the 
presence of the B pool. Selective saturation of the B pool, 
achieved using off resonance r.f. irradiation, results in changes 
m M, and T, of the A pool due to magnetization transfer. 
Methods: We have measured NMR tissue parameters modified 
hy MT in the brain and leg of normal volunteers by observing 
the changes in signal strength as a function of the duration for 
which the B pool is held at saturation. At 0.15 T the most 
striking change is to the T, of muscle, which is reduced by 
almost a factor of 3 to approximately 150 ms. Grey and white 
matter also show significant changes, whereas the signal from 
fat is virtually unaffected. Sequence design: The changes in both 
M, and T, of some tissues suggest that a reappraisal of 
standard imaging sequences may yield startling new results. 
For example, at 0.15 T, the reduced T, of muscle is almost 
equal to that of fat, allowing both to be suppressed using short 
T, imversion recovery sequences. The result is a form of 
angiogram, which displays high contrast between blood and 
surroundmg tissue, 


Sequence choice for image segmentation via dual 
thresholding 

M. Paley, I. D. Wilkinson, *M. Hall-Craggs and K. Chong 
Department of Medical Physics and Bioengineering, University 
College Landon and * Department of Radiolagy, Middlesex 
Hospital, Mortimer Street, London, UK 


A widespread clinical requirement is to measure volumes of 
tissue in vivo to monitor, for example, brain atrophy or increase 
im cerebrospinal fluid with age or disease process. The use of 
the multidimensional nature of magnetic resonance (MR) data 
io achieve better separation. of tissues has recently been 
investigated by several groups. A two dimensional "scatter 
plot" can be produced by plotting pixel intensity from two 
images with different T, and 7,-weighting. Tissues of different 
tvpe cluster into regions of the scatter plot and by selecting out 
these pixels it is possible to produce an image of a particular 
tissue, A segmentation scheme using dual thresholds acquired 
from the standard deviation of a histogram of values for each 
image pair of a tissue type has been investigated. A simulation 
programme has heen developed which produces scatter plots 
for two arbitrary imaging sequences allowing user change of 
imaging parameters to optimize the separation of tissue data 
clusters. Measurements of volume of tissues in the brains of 
normal volunteers and patients with HIV infection are now 
underway using dual echo spin echo and dual echo. STIR 
sequences. 


Measurement of fetal growth in utero by magnetic 
resonance imaging 

N. Roberts, A. S. Garden, P. A. Martin and R. H. T. 
Edwards 

Magnetic Resonance Research Centre, University of Liverpool, 
PO Box i47, Liverpool L69 3BX, UK 

Fast scan magnetic resonance (MR) imaging techniques (e.g. 
gradient recalled acquisition in the steady state (GRASS)) 
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provide the possibility for "freezing" fetal motion and offer the 
opportunity for three dimensional measurements of fetal 
development to be made in wero. Quantitation by automatic 
image analysis is made difficult in view of the variety of features 
(e.g. head, thorax, abdomen and limbs) that need to be 
segmented. However, unbiased estimates of fetal, and fetal 
organvolume can be obtained manually in 3-4 min using the 
ancient stereological method known as the Cavalieri Principle. | 
Of the order of 10-15 points of intersection between a 
systematically arranged, but randomly orientated, sampling 
grid must be obtained with the feature of interest in each 
image. Our trials have shown that wth five or more sections 
through the fetus, or organ, a coefficient of error (CE) of better 
than 10% can be obtained, If 10 sections are obtained the CE 
can be reduced to 2% and of the order of 20 sections are 
required for an accuracy of 1%. A 27-year-old female who had 
developed complications during an earlier pregnancy was 
imaged on five occasions between weeks 35 and 40 of a second 
normal pregnancy. Linear regression analysis of the 
stereological data revealed that fetal volume increased by 
33+3 em? per day, while the volume of the fetal liver increased 
by 2.3+0.3 em? per day during this time. Measurements made 
in three dimensions are likely to be far more reliable and 
sensitive indicators of change than those currently made in two 
dimensions from ultrasound images. The prospect of "real- 
time" MR imaging adds to our expectation for these studies 
and it is possible that in the future fetal growth will be studied 
in detail via the use of an MR imaging system in the antenatal 
department. 


In vitro evaluation of phase difference MR flow 
measurements 


P. Summers, M. J. Graves, M. Tarnawaski, M. G. Taylor 
and T. S. Padayachee 

MR Flow Group, Department of Radiological Services, 
UMDS, Guy's Hospital, London SEI ORT, UK 


Continuous and ECG-gated gradient-echo phase contrast MR 
flow measurements were compared with Doppler ultrasound 
(US) and electromagnetic (EM) flowmetry for pulsatile flow in 
a phantom. We also examined the effects of a number of 
imaging parameters on the accuracy of gated measurements. 
The measurement techniques were compared for flow in large 
and small diameter (19 mm id, 6.5 mm id, respectively) tubes 
generated by a pulsatile pump at rates between 1.0 and 6.0 I/ 
min. Gated magnetic resonance (MR) measurements were in 
excellent agreement with those obtained by US and EM. When 
compared with timed collection, R2 values of 1.00, 0.98 and 
0.99 respectively were obtained for the large tube; while for the 
smaller tube the R2 values were 0.96, 0.98 and 1.00. The 
continuous acquisition. flow measurements were found to 
depend upon the systolic period and pulsatility index (PD of 
the flow. Agreement with timed collection (systole = 50%, 
PI = 3) yielded R2 values of 0.99 in the large tube and 0.84 in 
the smaller tube. The dependence of measurement accuracy on 
echo time (TE), slice thickness (SLT), in-plane pixel size (PIX), 
percent of phase encoding acquired (PACQ) r.f. flip angle 
(FLIP), velocity sensitivity (VS), slice orientation (SLO) and 
slice position (SLP) was investigated. Variations in TE, FLIP - 
and VS were found to have minimal effect on the measured 

flows. Variations in SLT were noted to have variable effects on 
the measurement, whilst changes in PIX, PACQ and SLP 
demonstrated à more linear behaviour. Changes in SLO 
revealed effects related to the implemented gradient sequence. 
These preliminary results suggest that ECG-gated techniques 
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are well suited to pulsatile flows whereas continuous 
acquisition may be employed for "non-pulsatile" or slowly 
varying flows. In either application, the limitations and effects 
of imaging parameters must also be considered. 


Visualization of complex blood flow patterns using 
computerized vector analysis of MR velocity maps 


P. J. Kilner, G. Z. Yang, R. H. Mohiaddin, D. N. Firmin, 
P. Burger and D. B. Longmore 

Magnetic Resonance Unit, Royal Brompton National Heart 
Hospital, London and Department of Computing, Imperial 
College, London, UK 


Objectives: Magnetic resonance (MR) velocity mapping is 
capable of providing multidirectional velocity data in the heart 
and blood vessels, but conventional grey-scale MR velocity 
maps are unsuitable for representation of complex, 
multidirectional flow. Therefore, we set out to develop software 
to render normal and abnormal blood velocity patterns in a 
graphic form immediately recognizable as flow. Methods: We 
performed multidirectional cine MR phase shift velocity 
mapping using a 0.5 Tesla Picker machine in 10 healthy 
volunteers and nine patients. Diagnoses: atrial septal defect (2); 
ventricular septal defect (1); pulmonary stenosis (1) and aorto- 
iliac atheroma (5). Velocity information in the flow field was 
then represented by multiple computer generated “particles” 
whose length, direction and movement corresponded to 
velocities in the chosen image plane. Results: Computer graphic 
representation of MR velocity data as moving "particles" 
allowed immediate recognition of patterns of secondary flow. 
The technique reveals coherent, vortical patterns of blood 
movement during normal right atrial and left ventricular filling 
and during systolic ejection into the aortic root. In septal 
defects and stenoses, jet formation was seen to be associated 
with varied patterns of secondary parajet flow reversal. 


Initial experience with abdominal MRA 


D. J. Lomas 

Department of Radiology, University of Cambridge School of 
Medicine, Addenbrooke's Hospital, Hills Road, Cambridge 
CB2 20Q, UK 


The use of a flow compensated gradient echo sequence (MAST 
FAST) for breath holding abdominal magnetic resonance 
angiography is described. Image artefacts including ghostin 
and signal losses from turbulence are discussed and 
demonstrated in volunteers. Examples of potential clinical 
applications are demonstrated in patients being assessed for 
liver and small bowel transplantation, in a patient with 
suspected Budd Chiari syndrome and in a patient with renal 
malignancy. 


Gadolinium-DTPA enhanced turboFLASH imaging in 
advanced aortic ilac disease— results and comparison 
with conventional angiography 

U. M. Sivananthan, *J. Ridgway, *K. Bann and M. R. Rees 
Department of Cardiac Radiology and Cardiac Research, 
Killingbeck Hospital, York Road, Leeds and *M RI Unit, 

St James’ University Hospital, Leeds, UK 


Vol. 65, No. 777 


Fast MR imaging has matured in the last few vears and is now 
of established value for several aspects of clinical magnetic 
resonance (MR) imaging. Preliminary studies suggest that MR 
angiography may have a useful role in atherosclerotic 
aortoiliac disease. We have employed 2-D turboFLASH 
gradient echo sequences with Gadolinium-DTPA enhancement 
to image advanced aortoiliac disease in 12 patients. The MR 
images were obtained on a Siemens Magnatom imaging system 
with a | Tesla superconducting magnet. A sagittal localizer was 
initially obtained and preliminary unenhanced coronal 
images—-using the same turboF LASH sequences were acquired 
to determine the ideal scanning planes of the aorta and the iliac 
arteries. Once this was established three sets of 10 5 mm thick 
slices were acquired simultaneously while the patient was 
breath holding, 10s after bolus intravenous 
Gadolinium-DTPA. A 400 mm field of view with 256 x 256 
acquisition matrix was used. TR of approximately 100 ms amd 
a fixed TE of 4 ms were employed. The images were then post- 
processed by using the maximum intensity projection (MIP) 
algorithm to produce projection images. Satisfactory results 
were achieved in all our patients. The total time per patient was 
less than 10 min. The images compared well with conventional 
angiography in the eight patients in whom it was performed. 
We feel that this imaging sequence promises to be an 
alternative non-invasive method to conventional angiography 
for evaluating advanced aortoiliac disease. We will present the 
technique, advantages and limitations of this promising new 
sequence. 


Magnetic resonance velocity mapping in aortic 
coarctation: what should be measured, flow or velocity? 


R. H. Mohiaddin, P. J. Kilner, R. S. O. Rees and D. B. 
Longmore 

The Royal Brompton National Heart and Lung Hospital, 
London, UK 


A non-invasive method for evaluation of aortic coarctation is 
highly desirable in the pre- and post-operative management of 
patients. A common way of assessing the haemodynamic 
significance of coarctation is to calculate pressure gradient 
across the diseased segment from peak velocity measurement. 
However, there are technical and physiological problems with 
this approach. In this study we used magnetic resonance 
imaging with velocity mapping (TE 3.6 ms) to characterize flow 
in the thoracic aorta of 10 patients with aortic coarctation and 
10 healthy volunteers. Flow waveforms were studied in an 
oblique plane perpendicular to the ascending aorta and to the 
descending thoracic aorta cm distal to the coarcation 
segment. Instantaneous flow was calculated from mean velocity 
and the cross sectional area of the vessel. The cardiac output 
and the flow curves in the ascending aorta differed significantly: 
peak flow rate (patients 10.4+3.4 l/min, controls 17.8+2.7 1/ 
min, p « 0.001); mean flow rate (patients 2.6+0.9 l/min, 
controls 3.5+0.7 l/min p < 00.5) and the ratio of descending 
to ascending aortic flow (patients 0.47+0.18, controls 
0.62 +0.07, p < 00.5). These differences are most likely related 
to the resistance imposed on flow by the coarctation and could 
be an additional index for monitoring patients with coarctation 
of the aorta. 
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Magnetic resonance imaging in adult congenital heart 
disease—does it compare well with echocardiography 
and angiography? 

U. M. Sivananthan, A. R. Essop, *J. Ridgway, *K. Bann 
and M. R. Rees 

Department of Cardiac Radiology and Cardiac Research, 
Kilingheck Hospital, York Road, Leeds and * M RI Unit, 

St dames’ University Hospital, Beckett Street, Leeds 


The purpose of this study is to investigate the adequacy of 
magnetic resonance imaging (MRD in the display of anatomy 
and flow in adult congenial heart disease and to compare the 
results with that of echocardiography and conventional 
angiography. Materials and methods: 25 adult patients with 
congenital heart disease were studied using a | Tesla Siemens 
Magnatom scanner. Gated spin echo images in three 
orthogonal as well as selected oblique planes and gradient cine 
angiography measurements were obtained. The results were 
compared with those of echoradiography and angiography in 
cases where they were performed. Two major groups of 
patients studied included coarctations of the aorta and patients 
who had righi ventricular outflow obstruction (nine in each 
group) MR images were adequated in the post-operative cases 
and the need for angiography was avoided in the patients with 
coarctation and in the four other patients who had corrections 
of the right ventricular outflow tract obstructions. In total 10 
additional lesions were demonstrated. MRI also gave 
senificant additional information of the abdominal situs, and 
the anatomy of the major vessels. Four Blalock shunts were 
studied which could not be catheterized. MR images were 
satisfactory and, in addition, flow and anatomical information 
of the pulmonary vasculature were obtained. We will present 
the technique and limitations of the MR Imaging. In 
conclusion, MR should at least be considered as a first line 
investigation in adult congenital heart disease. 


Analysis of ventricular diastolic regional wall velocity in 
patients with stable ischaemic heart disease 


ï. Karwatowski, R. Underwood, R. Mohiaddin and 

D. Longmore 

Magnetic Resonance Unit, National Heart and Lung Institute, 
London, UK 


Global diastolic ventricular function can be studied by a 
number of techniques, but regional function is more difficult to 
quantify, Since ischaemic heart disease produces regional 
effects we used magnetic resonance (MR) velocity mapping to 
examine regional left ventricular wall motion. We studied 11 
patients with ischaemic heart disease (IHD) and 14 control 
subjects. All underwent an MRI scan using a field even echo 
rephasing protocol to measure the velocity of the myocardium 
im the long axis of the heart. The plane selected was | cm below 
the mitral annulus at end systole. The last B-blocker dose was 
72 h before the study, short acting preparations were withheld 
on the day of the study. The myocardium was divided into six 
segments for regional analysis, temporal resolution was 
27-35 ms. The peak diastolic velocity (PDV) was identified, at 
íhe same time interval measurements of minimum diastolic 
velocity (MDV) and range of diastolic velocity (RDV) 
expressed as a percentage of the peak velocity were compared 
between the two groups. The table below shows the means of 
these values, standard deviations are given in brackets. Thus 
magnetic resonance velocity mapping of diastolic ventricular 
wall velocities can detect regional wall motion abnormalities in 
patients with THD. 
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PDV MDV RDV 
Control 136 (39) 76 (27) 44 (9) 
IHD 80 (29) 9 (27) 84 (24) 





All values were signficantly different at the 0.001 level. 


An evaluation of fast spin echo patients with multiple 
sclerosis 


R. J. Gibson and J. V. Byrne 

Department of Neuroradiology, Radcliffe Infirmary, Oxford, 
UK 

A comparison of conventional spin echo (SE) and fast spin 
echo (FSE) sequences was made based on the brain scans of ten 
patients with multiple sclerosis (MS). FSE is a derivative of the 
rapid acquisition relaxation enhanced (RARE) fast imaging 
technique, in which multiple echoes are acquired per time to 
repeat (TR) interval. All scans were performed in a Signa 
Advantage 1.5 T scanner. Two similar dual echo protocols 
were used, where scan plane, slice thickness and gap, field of 
view, mairix size and number of excitations were standardized. 
The study time for FSE imaging was 30% of the time needed 
for conventional SE imaging. Comparisons were made of the 
numbers of plaques seen on each technique. The MR studies 
were reviewed in random order by two radiologists who were 
blinded to the technique used. No statistical difference was 
found between the numbers of lesions demonstrated, nor was 
there significant interobserver error for either technique. There 
is a clear advantage in the new technique in terms of scanning 
time and patient throughput. The potential disadvantages are 
an increase in acoustic noise within the bore of the magnet and 
a theoretical heating effect because of the increased 
radiofrequency deposition. Our experience has shown that the 
fast spin echo technique is a rapid and reliable method for 
detecting plaques in the brains of patients with MS. 


Combination of MRI, MRA and CT data data for 
improved skull-base surgery planning 


G. P. Robinson, D. L. G. Hill, P. E. Summers, S. E. M. 
Green, J. E. Crossman, A. J. Strong, T. $. Padayachee, D. J. 
Hawkes and M. J. Gleeson 

Departments of Neurology, Radiological Sciences and Surgery, 
/MDS--Guy's Hospital, London SE] 9RT, UK 


In preparation for skullbase surgery, patients at this 
Institution undergo magnetic resonance imaging (MRI) for 
pathology detail and computed tomography (CT) scans for 
bone detail during surgical planning. Conventionally, the 
images are printed onto film, and displayed side-by-side on a 
light box. We present an improved display method which 
involves combining the MRI and CT images and incorporating 
vascular information from MRA. The surgeon can interact 
with this composite patient representation on an imaging 
workstation using volumetric display techniques. Images are 
acquired using normal clinical protocols, and are transferred 
digitally to Sun workstations for processing. The MRI, CT and 
MRA images are registered to an accuracy of within 2 mm by 
identifying between 6 and 12 equivalent point-like structures in 
the three modalities. The image data sets are then transformed 
to a common co-ordinate frame by trilinear interpolation. 
Bone is segmented from the CT by thresholding, the tumour is 
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segmented from the MRI by thresholding and masking of fat 
signal and blood vessels are segmented from the MRA by 
thresholding and application of morphological operators. The 
segmented image information is combined using image algebra 
to produce a composite volume data-set. Volume rendering is 
performed using the Sunvision software package (on loan from 
Sun Microsystems) which allows interactive control of tissue 
opacities, volume orientation and cut surface positioning. A 
prospective clinical trial of the technique is in progress. Initial 
results will be presented. 


Knee imaging in arthritis 

G. Sherman 

Department of Physics, University of Exeter. Stocker Road, 
Exeter EX4 4QL, UK 


A new targetted magnetic resonance imaging (MRI) system 
based on a 560 mm diameter 0.5 T superconducting magnet 
(overall length 1 m) has been developed. The system uses an 
actively screened. gradient set to make maximum use of the 
available space. resulting in a clear access of 500 mm. The 
system was designed for high-resolution imaging of the knee 
(for arthritis research). However, it has proved excellent for 
imaging the brain and we are investigating possibilities for 
imaging the cervical and lumbar spine. All this work requires 
specialized radiofrequency coil design. To this end the brain 
images were obtained using a standard birdcage coil, For high- 
resolution knee imaging a coil that can be fitted to patients 
(with arthritis) outside the magnet is required. This needs to be 
in two halves so that optimum filing factor can be 
obtained—this could not be achieved if the foot has to pass 
through the coil to locate the knee. An inductively coupled split 
birdcage coil has been designed for this purpose. In this paper a 
brief outline of the system will be given and particular attention 
will be paid to the design and implementation of the inductively 
coupled knee coil. 


MRI of the carpal tunnel before and after treatment for 
carpal tunnel syndrome 


*C. W. Heron, C. R. Smith, A. G. White and E. Paice 

* Department of Radiology. St George's Hospital, London 
SWI7 and Rheumatology Department, Whittington Hospital, 
London N19, UK 


The cause and pathogenesis of carpal tunnel syndrome (CTS) 
are often undetermined and diagnosis is based on clinical 
findings and electromyography (EMG). Patients may be 
treated with either local injections of steroids or surgical 
decompression. The aim of this study was to examine two 
groups of patients undergoing one or other type of therapy and 
to compare the magnetic resonance imaging (MRI) 
appearances on pre- and post-treatment scans with the clinical 
outcome and the EMG findings. Scans of both wrists were 
obtained using spin echo and gradient echo pulse sequences. Of 
the 12 patients examined to date, the carpal tunnel was 
decompressed surgically in seven cases and five patients 
received steroid injections. Pre-treatment MRI showed 
enlarged flexor tendon sheaths in 10 hands, palmar bowing of 
the flexor retinaculum in seven, swelling of the median nerve in 
five and flattening in two. Post-surgery MRI confirmed 
disruption of the flexor retinaculum in all patients with a 
satisfactory response but one patient who made a poor 
recovery was shown to have a fibrous nodule pressing on the 
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nerve. A poor clinical response was seen in three conservatively 
treated patients who had persistent abnormalities on the post- 
treatment scan whereas the two patients with normal scans 
responded well. 


Rapid dynamic contrast-enhanced imaging of the liver 
and portal vein 

J, Ward, D. Martinez. A. G. Chalmers, J. Ridgway and P. J. 
Robinson 

MRI Unit, St James’ University Hospital, Beckett Street, 
Leeds LS9 7TF, UK 


The purpose of this study was firstly to show the diagnostic 
value of a rapid acquisition multislice sequence 
(furboFLASH) during bolus injection of Gd-DTPA by 
comparing it with the pulse sequences currently used for 
abdominal studies and secondly to develop improved scanning 
protocols for the liver. Patients were referred for upper 
abdominal studies including portal vein assessment. Each 
patient was imaged in the coronal plane using a multislice 
TurboFLASH sequence (TR = 100, TE = 4) acquired during a 
breath hold period of 19 s. The short echo time allows up to l! 
slices of 5 mm thickness to be acquired simultaneously. Images 
were obtained during and after bolus administration of 
Gd-DTPA. The slices from each acquisition were combined 
using a maximum intensity projection algorithm to include all 
the vessels on a single image. Initially each patient was also 
scanned using a conventional axial T weighted spin echo 
sequence (TR 2000, TE = 45/90) and a coronal 7,-weighted 
spin echo sequence (TR 450, TE — 15). Each sequence was 
compared by two independent viewers for lesion conspicuity 
and number of lesions, lesion characterization, vessel patency 
and local spread to adjacent structures. The clarity of the 
demonstration of vessel anatomy was also scored for all 
sequences. Analysis of the first 10 patients enabled us to 
identify those sequences which provided the least information. 
The protocol was refined to exclude these sequences and 
further patients have been studied with the revised protocol. 
Lesion conspicuity was significantly improved on the post- 
contrast images. Patency of the main portal vein was better 
assessed with the dynamic sequence and MIP whilst patency of 
the right and left portal veins was equally well assessed on the 
dynamic images, T;-weighted SE images and MIP images. The 
anatomy of the main portal vein was better seen on the MIP 
images. All other vessels were equally well seen on both 
T,-weighted SE sequences and the dynamic sequences. 


MRI study of rat liver tumours following high intensity 
ultrasound therapy 


I. J. Rowland, I. Rivens, L. Chen, G. H. Lebozer, D. J. 
Collins, G. R. ter Haar and M. O. Leach 

CRC Clinical Magnetic Resonance Research Group and Joint 
Department of Physics, Institute of Cancer Research and 
Royal Marsden Hospital, Downs Road, Sutton, Surrey 

SM2 5PT, UK 


Magnetic resonance imaging (MRI) has been used to 
investigate the physiological and morphological changes in 
both tumour bearing and normal liver lobes of rats treated 
invasively using high intensity focused beam ultrasound 
surgery. The potentially non-invasive, high intensity, focused 
beam ultrasound therapy is currently being developed as a 
novel treatment for discrete liver metastases. HSN tumours 
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were grown in the middle hepatic lobes of female CBH rats and 
were imaged, before and after treatment, using a head coil in a 
Siemens Magnetom 1.5 T whole body imaging system. Proton 
density MR images were obtained using a FLASH gradient 
echo sequence (TR = 200 ms, TE = 11 ms, Fl = 70°) together 
with a T, and T,-weighted sequences. Images were obtained 
before and after the intravenous administration of contrast 
agent. Before ultrasound treatment and using the FLASH 
sequence, the tumours appeared hypointense with respect to 
sormal rat liver. Immediately following treatment, the 
damaged region appeared hyperintense with respect to the 
normal liver. With time, the treated region appeared 
homogenous, whilst the periphery of treated normal liver 
appeared as a hypointense rim and enhanced preferentially 
following injection of Gd-DTPA. A distinct boundary region 
between normal and damaged liver was confirmed by 
tustology. 
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Magnetic resonance imaging of the uterine cervix using 
intravaginal coils 

C. J. Baudouin, W. P. Soutter, A. Oatridge and D. J. 
Gilderdale ; 

NMR Unit, Hammersmith Hospital, Du Cane Road, London 
W12 OHS, UK 


Objective: The aim of the study was to assess the feasibility of 
using intravaginal receive coils to obtain high resolution images 
of the uterine cervix. Methods and patients: Intravaginal coils 
were designed for use at 0.15 and 1.6 Tesla. Solenoid and 
saddle coils mounted on cylindrical Delryn formers were used. 


. Both passive and active decoupling circuits were employed. Ty- 


and 7,-weighted spin echo and STIR sequences were used in 
transverse, sagittal and oblique planes. 15 patients were 
studied, 12 had no known abnormality of the cervix, one had a 
cervical polyp and two had cervical intra-epithelial neoplasia 
Grade HI. Results: Patient tolerance of the procedure was 
excellent. Good zonal anatomy of the cervix could be identified 
on all three sequences used but useful information was still seen 
from the fringing field, i.e. the parametrium and vagina. Benign 
abnormalities including Naboithian follicle and cervical polyp 
were visualized. In one patient with CIN III the endocervical 
canal appeared irregular and thickened but marked variation in 
normal appearances was seen. Conclusion: Detailed images of 
the cervix can be obtained using intravaginal coils. This 
technique may be useful to assess local extent of early cervical 
carcinoma. 
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